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PREFACE 

This volume was designed primarily as a working manual for use 
in the United States Coast and Geodetic Survey and describes the 
proccdurc used in this office for the harmonic analysis and prediction 
of tides and tidal currents. I t  is based largely upon the works of 
Sir Willinm Thomson, Prof. George H. Darwin, and Dr. Rollin A. 
Harris. In recent years there also has been considcrablo work done 
on this subject by Dr. A. T. Doodson, of thc Tidal Institute of tho 
Viiiver~ity of Liverpool. 

In 
this revised edition tlicrc hns been a rearrangement of the matcrial in 
the first part of tlic volume to bring out more clearly thc development 
of t.hc tidal forces. Tables of astronomical data and other tables to 
facilitnte thc computations have becn retained with a few revisions 
and ndtlitions and thcrc has been addctl a list of symbols used in 
t hc work 

The collcctioii of tidal harmonic constants for the world that 
appcarcd in thc earlier edition has been omitted altogether becnuse 
tlic work of mnintnining such a list has now becn taken over by the 
Intcrnationnl Hydrographic Bureau a t  Monaco. These constants 
are now publislwd in Intcrnationnl Hydrographic Bureau Special 
Publication No. 26, which consists of a collection of loosc sheets whlch 
pcrmit the addition of new constants as the 

Spccial nclcnowlcdgmcn t is due Walter B. Lrbe ,  associate mathe- 
matician of thc Division of Tides and Currents, who reviewed. the 
manuscript of this edition and offered many valuable suggestions. 

The first edition of the present work was published in 1924. 

become available. 
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MANUAL OF HARMONIC ANALYSIS 
AND PREDICTION OF TIDES 

INTRODUCTION 
HISTORICAL STATEMENT 

1. Sir William Thomson (Lord Kelvin) devised the method of 
reduction of tides b harmonic analysis about the year 1867. The 
principle upon whic K the system is based-which is that any peri- 
odic motion or oscillation can always be rosolved into tho sum of a 
series of simple harmonic motions-is snicl to have been discovered 
by Eudoxas as early as 356 B. C. when he explained the apparently 
irregular motions of the lanets by combinations of uniform circu- 

recognized the existence of pnrtinl tides .that might be exprossed by 
the cosine of an angle increasin uniformly with the time, and also 
applied tho msontial principles o T the harmonic analysis to the reduc- 
tion of high and low waters. Dr. Thomas Youn suggested the 
importanco of observing and analyzing the entire ti 5 nl curve rather 
than the high and low waters only. Sir George B. Airy also had an 
important part in layin the foundation for the harmonic analysis 
of the tides. To Sir &limn Thomson, however, we may give the 
credit for having laced tho analysis on a practical basis, 

appointed a committee for the purpose of promoting tho extension, 
improvoment, and harmonic analysis of tidal observations. The 
report on the sub'oct was pro ared by Sir Willjani Thomson and was 

ment of Scienco in 1868. Supplementary reports were made from 
time to  time b the tidal committee and published in subsequent 
reports of the gritish association. A few years later a committe, 
consisting of Profs. 0. H. Darwin and J. C. Adams, drew up a very 
full report on the subject, which was publishecl in the Report of the 
British Association for the Advancement of Science in 1883. 

3. Among the Amorican mathematicians who hare had an jm ortant 
art in the develo ment of this subject ma be named Prof. %illiam 

the U. S. Coast and Geodetic Survey. The Tidal Researches, by 
Professor Ferrel, was publishod in 1874, and additional articles on 
the hmmonic anal sis by the same author a peared from time to 

Geodetic Survey. The best known work of Doctor Harris is his 
Manual of Tides, which WRS published in several arts as appendices 

detic Survey. {he subject of the harmonic analysis wtls treated 
principally in Part I1 of the Manual which appeared in 1897, 

lar motions.' In  the ear P y part of the nineteenth century Laplace 

2. In  1867 the 5 ritish Association for the Advancement of Scionce 

published in the !Report of t K e British Association for the Advance- 

$errel and Dr. Ro P lin A. Harris, both of w x om were associtttod with 

time in the annua r reports of the Superinten 1 ent of tho Coast and 

to the annual re orts of the Superintendent of t R e Coast and Qeo- 

* Nautloel Salence, p. no, by Charles Lane Poor. 
1 



2 U. S. OOAsrl: AND GEODETlC SURVEY 

GENERAL EXPLANATION OF TIDAL MOVEMENT 

4. That the tidal movement results from the gravitational attraction 
of the moon and sun actin upon the rotatin earth is now a well- 

rise and fall of the tide and the horizontal flow of the tidal currents. 
It will be shown later that the tide- roducing force,due to this attrac- 

ticlea of matter which constitute the earth, can be eypressed by mathe- 
matical formulas based upon the well-known laws of gravltation. 

5. Although the actin forces are well understood, the resultant 

distribution of land and water on the earth and the retarding e ects 
of friction and inertia. Contrary to the popular idea of a rogressive 

movement asevidenced by observations a t  numerous points along the 
shores of the oceans consists of a number of oscdlating areas, the move- 
ment being somewhat similar to that in a pan of water that has been 
tilted. Such oscillations are technically known as stationa waves. 

sideration is given to the fact that such stationary waves may overlap 
or be superimposed upon each other and may be accompanied by R 
progressive wave movement. 

6. Any basin of water has its natural free period of oscillation de- 
pending upon its size and depth. The usual lomula for the period 
of oscillation in a rectangular tank of uniform 
which L is the length and d the depth of the tank 
tion of gravity. When a disturbing force is 

established scientific fact. ?c he movement inc P udes both the vertical 

tion, when taken in connection wit E the attraction between the par- 

tidal movement is excee % 'ngly complicated because of the irre ular 

tidal wave following the moon around the earth, the g a m  tidal 

The complex nature of the movement can be appreciated w T en con- 

i 

~ intervals corresponding to the free period of a body of water, it tends 
to build up an oscillation of much greater magnitude than would be 
possible with a sin@ application of the force. The major tidal 
oscillations have periods approximating the half and the whole lunar 
day. 

mRmomc TREATMENT OF TIDAL DATA' 

7. The harmonic analysis of tides is based upon an assumption that 
the rise and fall  of the tide in any locality can bebx ressed mathe- 

relations to astronomical conditions. A simple harmonic function is 
a quantity that varies as the cosine of an angle that increases uniformly 
with time. In the equation y=A cos at, y is an harmonic function of 
the angle at in which a is a constant and t represents time as measured 
fromesome initial epoch. The general equation for the height (h) of 
the tide at any time (t)  may be written 
h=Ho+A cos ( d + a ) + B  cos (btfpjfC cos (h+r)+ etc. (1) 
in which Ho is the height of the mean water level above the datum 
used. Other symbols are explained in the following paragraph. 

8. Each cosine term in equation (I) is known as a constituent or 
component tide. The coefficients A, B, C, etc. are the amplitudes of 
the constituents and are derived from observed tidal data in each 
locality. The expression in parentheses is a uniformly-varying angle 
and its value at any time is called its phase. Any constituent term 
has its maximum positive value when the hase of the angle is zero 

matically by the sum of a series of harmonic terms Yl aving certain 

and a maximum negative value when the p \ me equals 180°, and the 
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term becomcs zero when the phase equals 90’ or 270’. The coefficient 
of t represents the rate of change in the phase and is called the speed 
of the constituent and is usually expresscd in degrees per hour. The 
time required for a constituent to pass through a completo cycle is 
known as its period and may be obtained by dividing 380’ by its 
spced. The periods and corresponding speeds of the constituents are 
derived from astronomical data and are independent of the locality 
of the tide station. The symbols a, 8, y, etc. refer to tho initial phases 
of the constituent angles a t  the timo when t equals zero. Tho initial 
phases depend upon locality as wcll as the instant from which the 
time is reckoned and their valucs are derived from tidal observations. 
Harmonic analysis as applied to tides is the process by which the 
observed tidal data a t  any place are soparatled into a number of 
harmonic constitucnts. The quantities sought are known as harmonic 
constants and consist of the amplitudes and certain phase relations 
which will be more fully explained later. Iiarmonic prediction is 
accomplished by reuniting the elementary constituents in accordance 
with astronomical relations prevailing at the timo for which the 
predictions are being madc. 

ASTRONOMICAL DATA 

9. I n  tidal work the only celcstial bodies that need bo considered 
arc the moon and sun. Although ever other celestial body whose 

producing force, tlie greater distance or smallor size of such body 
renders negligiblc any cffect of this forco u on tho tides of the earth. 

the moon and sun, tlie principal factors to be taken into consideration 
are the rotation of the carth, the revolution of the moon around the 
earth, tho revolution of tho earth around the sun, the inclination of 
the moon’s orbit’ to the earth’s equator, and the obliquit of the 

in table 1. 
10. Thc carth rotates on its axis once each day. There aro, how- 

ever, scvcral kinds of days-the siderenl day, tho solar day, the lunar 
da , and the constituent da -dependin upon the object used as a 

as tlio time required for the rotation of tho carth with respect to tlie 
vernal cquinox. Bccnusc of thc prcccssion of the equinox, this day 
differs slightly from tlic time of rotntion with respect to a fixod star, 
the differcncc bcing less than thc liundrcdth part of a second. The 
so,lar day and lunar clay nrc rcspcctivcly the times rcqiiircd for rotation 
with rcspcct to the sun ant1 moon. Sincc tlic motions of tho carth 
and moon in their orbits nrc not uniform, tlic solar niid lunar days 
vnry a littlc in lcngtli nntl tlicir nvcrngc. or mcan valucs nre takcn as 
standard units of timc. A constituent clay is the timc of tlio rotation 
of thc cnrtli mitli rcsp~ct  to n fictitious sntellite rcprcscnting one of 
thc criotlic t~l~~nioiit3 in the titlid forces. It approsiinatcs in lcngtli 

constitucnt or twicc t lw pwiotl of n semidiurnal constiturnit. 
11. A calendar clmy i s  n m(wi  solnr tlny cornmcncii~~ n t  midnight. 

SUcli n cnlrnclnr dny is Iano\vn nlso as a civil day to distinguish i t  from 
the astronomical day wliicli conimc~~ccs a t  noon of tlic same date. 

gravitational influence reaches the cart fl creates a theoretical tide- 

In deriving mathematical expressions for t P ie tido-producing forces. of 

ecliptic. Numerical values pertaining to these factors will f)5 e found 

rc 9 ercnce for tho rotation. $hc sidereal B ay is defined by astronomers 

the r unw or solnr tlny niitl mwsponds to thc pcriotl of a diurnal 
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Prior to the year 1925, the astronomical day was in general usc by 
astronomers for the recording of astronomical data, but beginning 
with the Ephemeris and Nautical Almanac published in 1925 the 
civil day has been adopted for the calculations. Each day of what- 
ever kind may be divided into 24 equal parts known as hours which 
are qualified by the name of the kind of day of which they are a part, 
as &real hour, solar hour, lunar hour, or constituent hour. 

Al- 
though the average eccentricity of this orbit remains approximately 
constant for long periods of time, there are a number of perturbations 
in tho moon’s motion due, primarily, to the attractive force of the sun. 
Besides the revolution of the line of apsides and the regression of the 
nodes which take place more or less slowly, the principal inequalities 
in the moon’s motion which affect the tides arc the evection and 
variation. The evection depends upon the alternate increase and 
decrcase of the eccentricity of the moon’s orbit, which is always a 
maximum when the sun is passing the moon’s line of apsidcs, and a 
minimum when the sun is a t  right an les to it. The variation ine- 

force. The period of the revolution of the moon around the earth 
is called a month. Thc month is designated as sidereal, tropical, 
anomalistic, nodical, or synodical, according to whether thc revolution 
is relative to a fixed star, the vernal equinox, the perigee, the ascend- 
ing node, or the sun. The calendar month iS a rough approximation 
to the synodical month. 

13. I t  is customary to refer to tlic revolution of the earth around 
the sun, although it may be more accurately stated that they both 
revolve around their common center of gravity; but if we imagine 
the earth as fixed, the sun will describe an apparent ath around the 

around the sun, and the effect upon the tides would be the same. 
This orbit is an ellipse with an eccentricity that changes so slowly 
that it may be considered as practically constant. The period of 
the revolution of the earth around the sun is a year, but them aro 
several kinds of years. The sidereal year is a revolution with respect 
to a fixed star, the tro ical year is a revolution with respect to tho 
vernal equinox, the eclpse year is a revolution with respect to the 
moon’s ascendin node, and the anomulistic year is a revolution with 

14. A calendar year consists of an integral number of mean solar 
days and may be a common year of 365 days or a leap year of 366 days, 
these years being selected according to the calendars described below 
80 that the average len th will agree as nearly as practicable with 
the length of the tropica P year which fixes the periodic changes in the 
seasons. The average length of the calendar year by thc Julian 
calendar is exactly 365.25 days and by the Gregorian calendar 365.2425 
days and these may be designated respectively as a Julian year and Q 
Gregorian year. 

15. The two principal kinds of calendars in use by most of the 
civilizcd world since the beginning of the Christian era are the Julian 
and the Gregorian calendars, the latter being the modern calendar in 
which the dates are sometimes referred to as “new style” to dis- 
tinguish them from the dates of the older calendars. Prior to the 
year 45 B. C. there was more or less confusion in the calendars, inter- 

12. The moon revolves around the earth in an elliptical orbit, 

quality is due mainly to the tangentia f component of the disturbing 

earth which is the same in size and form as the or e it of the earth 

respect to the so 7 ar perigee. 
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calations of months and days being arbitrarily made by the riesthood 

and for other purposes. 
16. The Julian calendar received its name from Julius Caesar, who 

introduced it in the year 45 B. C. This calendar rovidcd that the 

days, each year to begin on January 1, As proposed by Julius Ctesur, 
the 12 months beginning with January were to be alternately 31 days 
and 30 da B in length with tho exception that February should have 
only 29 lays in the common years. When Augustus succeeded 
Julius Ceesar a few years later, he elightly modified this nrrangement 
by transferring one day from Fobruar to the month of Sextilie, or 
August ae i t  was then rennmcd, nnd a 1y so transferred the 31st day, of 
September and November to October and December to avoid having 
three 31-day months in succession. 

17. The Gre orian calendar received its name from Pope Gregory, 
who introduce f it in the year 1682. I t  was immediately adopted by 
the Catholic countries but was not accc ted by England until 1762, 

years not exactly divisible by 400 to consist of only 365 days, whi e 
in the Julian calendar every century year as well as every other year 
divisible by 4 is taken as a leap year with 368 days. For dates before 
Christ tho vear number must be diminished by 1 before testing its 
divisibility by 4 or 400 since the year 1 B. C. corresponds to the year 
0 A. D. The Gregorian calendar mill pain on the Julian calendar 
three da s in each 400 years. When originally adopted,, in order to 

fad upon March 21, as it had at  the time of the Council of Nice in 
325 A. D. 10 days were dro ped and it wa0 ordered that the day 
followin dctober 4, 1582 of t t e  Julian calendar should be designated 
as Octo t er 15, 1582 of the Gregorian calendar. This difference of 
10 dnys between the dates of the two calendars continued until 1700, 
which was n leap year accordin to the Julian calendar and a com- 
mon year by the Gre orian caendar. B The difference between the 

Since 1900 the difference has been 13 days and will remain the same 
until the year 2100. 

18. Dates of the Christian era prior to October 4, 1582, will, in 
general, conform to the Julian calendar. Since that time both cal- 
endars have been used. Tho Gregorian calendar was adopted in 
England by an act of Parliament passed in 1751, which provided 
that the day following September 2, 1752, should be called September 
14, 1752, and also that the year 1752 and subsequent years should 
commence on the 1st day of January. Previous to this the legal 

ear in England commenced on March 25. Except for this arbitrnry 
{e inning of the year, the old English calendar was the same as the 
Jufian calendar. When Alaska was urchased from Russia by tho 
United States, its cnlcndar was altere i by 11 days, one of theso dnys 
behg necessary because of the difference between the Asiatic Pnd 
American dates when compared acro8s the one hundred and eightieth 
meridian. Dates in the tables a t  the back of this volume refer to 
the Gregorian calendar. 

19. The three groat circles formed by the intersections of the planes 
of the earth's equator, the euliptic, and the moon's orbit with tho 

and magietrates to bring the calendar into accord with t K e seasons 

common year should consist of 305 days and every P ourtli year of 366 

f This calendar differs from the Julian ca Ip endnr in having tho centur 

ad'ust t h e Gregorian calendar so that the vernal equinox shodd 

two then became 11 5 ays and in 1800 was increased to 12 days, 
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celestial sphere are represented in figure 1. These circles intersect in 
six points, three of them being marked by symbols in the figure, 
namely, the vernal equinox T a t  the intersection of the celestial equator 
and ecliptic, the ascending lunar  node 6b a t  the intersection c f  the 
ecliptic and the projection of the moon’s orbit, and thc lunar  inter- 
section A a t  the intersection of the celestial equator and thc projection 
of the moon’s orbit. For brevity these tlirce points are sometimes 
called respectively “the equinox,” “the node,” and “the intersection.” 
The vernal equinox, although subject to a slow westward motion of 
about 50” per year, is generally taken as a fixcd point of reference for 
the motion of other arts of the solar system. The moon’s node has a 

entire1 around a great circle in a little lcss than 19 ears. 
20. &he angle o between thc eclipt,ic and the ce P estial equator is 

known as the obli uity of the ecliptic and has a nearly constant 
value of 23jh’. T j e  angle i between the ecliptic and the plane 
of the moon’s orbit is also constant with a value of about 5’. 

westward motion o P about 19’ a year, which is sufficient to carry it 

The an le I which measures the inclination of thc moon’s orbit to the 

moon’s orbit. I ts  magnitude changes with the position o the moon’s 
node. When the moon’s ascending nodc coincides with the veriial 
equinox, the angle I equals the sum of w and i, or about 2816’, and when 
the dcscending node coincides with tlic vernal equinox, the angle 
l e  uals the difference betwecn w and i, or about 18);’. This variation 

18.6 years introduces an important inequality in the tlida movement 
which must be taken into account. 

21. I n  tlic celestial sphere the terms “latitudc” and “longitude” 
apply especially to measurements referred to the ecliptic and vernal 
equinox, but the terms may with propriety also be applied to meas- 
urements referred to othcr great circles and origins, providcd they 
are sufficiently well defined to prevent any ambiguity. For example, 
we may say “longitude in the moon’s orbit measured from the moon’s 

4 celestia H equator might appropriately be called the obli uity of the 

r in P t ic obliquity of the moon’s orbit with its period of ap roximately 
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node.” Cclcstial lon itude is always understood to be measured 

equator reckoned from the vernal equinox is called right ascension, 
and the angulnr distance north or south of the cclestial equator is 
called declination. 

22. Tho truc longitude of any oint referred to any great circle in 

between tho accepted origin and t>lie projection of the point on the 
circle, the measurement being always enstward from the origin to the 

The true longitude of any point will generally 
Ee different when referred to different circles, although rcckoned from 
a common origin; and the lon itude of a body moving a t  a uniform rate 

rcfcrred to anothcr great circle. 
23. The mean longitude of a body moving in a closed orbit and 

referred to any great circle may be defined as the longitude that would 
be attained by a point moving uniformly in thc circle of reference at  
the same average angular velocity as that of the body and with the 
initial position of the point so taken that its mean longitude would be 
the same as the true longitude of the body a t  a certain selected position 
of that  body in its orbit. With a common initial point, the mean 
longitude of a moving body will bc tho same in whatever circle it may 
be reckoned. Longitude in the ecliptic and in tho cclestial equator 
are usually reckoned from the vernal equinox 7’ , which is common to 
both circles. I n  order to have an equivalent origin in the moon’s 
orbit, we may lay off an arc A 7’” (fig. 1) in the moon’s orbit equal 
to A 7’ in the ecli tic and for convenience call the point ‘I” the 
referred equinox. TKe mean lon itude of nny body, if reckoned from 

the thrce orbits represented. This will, of course, not be the case for 
the true longitudc. 

24. Let us now examine more closely tho spherical triangle 65 7’ A 
in figure 1. The angles o and i aro very nearly constant for long 
periods of time and have already been explained. Tho side A T, 
usually designated by N,  is the longitude of the moon’s node and is 
undergoing a constant and practically uniform change duo to the 
regression of the moon’s nodes. This westward movement of the 
node, by which i t  is carried completely around t.he ecliptic in a 
period of approximate1 18.6 years, causes a constant change in the 

portance in the present, discussion. The value of tho anglo I ,  the 
supplemcnt of the angle A A T, has an important effect upon both 
the ran e and time of the tide, which will be noted lator. The side 
A T, fesignated b v ,  is the right ascension or lon itudo in t,ho 

€ is equal to the side A 7’-side 66 A and is the longitude in the 
moon’s orbit of the intersection A. Since the anales i and w are 
assumed to be constant, the values of I ,  v ,  nnd E wilr depend directly 
U 011 N ,  tho longitude of thc moon’s node, and miiy be readily 

Table 6 give the values of I ,  v ,  and € for each degree of N .  I n  the 
computation of this table the valuo of o for tho beginning of the 
twentieth century was used, However, the secular change in the 
obliquity of tho ecliptic is so slow t,hat R difference of a century in 

toward the east entire P y around the circlc. Longitude in the celestial 

the celcstial sphere may be define cf as the nrc of that circlc intercepted 

of speed in one great circle wi f 1 not have a uniform rate of change when 

rojection of the point. 

either the equinox or the refcrre d equinox, will be the same in any of 

form of the triangle, t x e elements of which are of considerable im- 

celestial equator 09 the intersection A. The arc a esignated by 

0 i tained by the ordinary solution of the spherical triangle bb T A .  
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the e och taken ns-the basis’of the computation would have resulted 
in di # erences of loss than 0.02 of a degree in the tabular values. 
The table m.ay therefore be used without material crror for reductions 
pertaining to any modern time, 

again at  fiaure 1, i t  will be noted that whcn the 
longitude of t a e moon’s no8e is zero the value of the inclination I will 
equal the sum of w and i and will be a t  its maximum. In this position 
the northern portion of the moon’s orbit will be north of the ecliptic. 
When the longitude of the m.oon’s node is 180°, the moon’s orbit 
will be between the Equator and ecliptic, and the angle I will be 
equal to angle u-angle i. The angle I will be alwa s positive and 

equals zero or M O O ,  the values of Y and 5 will each be zero. For all 
positions of the ni.oon’s node north of tlie Equator RS its longitude 
changes from 180 to Oo, v and 4 will have positive vnlucs, RS indi- 
cated in tho figure, these arcs being considcred as positive when 
reckoned eastward from T and T’, respectively. For all positions of 
the node south of the Equator, M the longitude changes from. 360 
to M O O ,  Y and 4 will each be negative, since the intersection A will 
then lay to the westward of T and T’ 

25. Lookin 

will vary from w-i, to w + i .  When the longitude of t E e moon’s node 

DEGREE OF APPROXIMATION 

26. Tlio problem of finding expressions for tidal forces and tho 
e uilibrium height of the tido in terms of,time and place does not 

tained which may be carried to as high an order of recision RS desired. 

tained, the degree of precision depending upon the number of decimal 
laces used in the computations, which, in turn, will be detcrmined 

krgely b the magnitude of the quantity sought. In general, the 

numerically will be determined by the number of significant figures 
used. With R quantity represented by a single significant figure, 
tho error may be as great as 33% percent of the quantity itself, whilo 
the uso of two significant figures will reduce the maximum error to 
less than 5 percent of the true value of tlie puantity. The largo 

ossiblo error in the first case renders it of litt e value, but in tho 
fattor CRSO the approximation is sufficiently close to be useful when 
only rough results are necessary. The distance of tho sun from tho 
earth is popularly exprcsscd by two significant figures as 93,000,000 
miles. 

27. With tlirce or four significant figures fairly satisfactory approxi- 
mations may bo represented, and with a greater number very precise 
results may be espressed. For theoretical purposes the highest at- 
tainable precision is desirable, but for practical purposes, because 
of the increase in the labor without R corresponding increase in util- 
ity, it will bc usually found advanta eous to limit the degrce of 
precision in accordunce with tlic prevafing conditions. 

28. Frequently R uantity that is to be used as R factor in an expres- 

value of such R sories is near unity, terms which would afl’ect tho 
third decimal place, if espressed numerically, should usually bo rc- 
tained. The retention of the smallor terms will depend to some ox- 

a 1 mit of a strict solution, but approximate cxprcssions can be ob- 

In  ordinary nuinerical computations exact resu f ts are seldom ob- 

degree o P approsimation to the value of any quantity expressed 

sion may bo espant P ed into R serjes of terms. If tho approximate 
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tent upon the labor involved since their rejection would not seriously 
affect the final rosults. 

29. The formulas for the moon's true longitude and parallax on 
pages 19-20 aro said to be given to the second order of approximation, 
a fraction of the first order being considered as one having an approxi- 
mate value of 1/20 or 0.05, a fraction of the second order having an 
approximate valuo of (0.05)2 or 0.0025, a fraction of third order having 
an ap roximate value of (0.05)3 or 0.000125, etc. As these formulas 
provi 1 e important factors in the dovelopment- of the equations rcpre- 
senting the tide-producing forces, they dotermine to a large ex%ont 
the degrees of precision to be expected in the results. 



DEVELOPMENT OF TIDE-PRODUCING FORCE 

FUNDAMENTAL FORMULAS 

30. The tide-producing forces exerted by the moon and sun are 
similar in their action and m.athernatica1 expressions obtained for ono 
m.ay therefore by proper substitutions be adaptcd to the othcr. Bc- 
cause of the greater importance of the m.oon in its tide-producing 
effects, the following development will apply primmily to that, body, 
the necessary changes to represent the solar tides being aftawards 
indicated. 

31. The tide-producing forcc of the moon is that portion of its 
gravitational attraction which is effective in changing the wnter level 
on the earth’s surface. This effective forcc is the difference bctween 
the attraction for the earth as a whole antl the attraction for the differ- 
ent particles which constitute the yielding part of the earth’s sur- 
face; or, if the entire earth were considered to be a plastic mass, tho 
tide-producing force a t  any point within the mass would be the force 
that tended to change the position of a particle at that  point relative 
to a particle a t  the center of the earth. That  part of the earth’s 
surface which is directly under the moon is nearer to that body than 
is the center of the earth and is therefore more strongly nttracted 
since the force of gravity varies inversely as the square of the dis- 
tance. For the same reason thc center of the cnrth is more strongly 
attracted by the moon than is that part of the earth’s surface which 
is turned away from the moon. 
32. The tide-producing force, being the difference between the 

attraction for pnrticlcs situatctl relatively near together, is small com- 
pared with the attraction itsrlf. It may be interesting to note that, 
although the sun’s attraction on tlic carth is nearly 200 timca as great 
as that of the moon, its tide-producing forcc is less than one-half 
that  of the moon. If the forces acting upon each particle of the 
earth were equal antl parnllel, no matter how great thoso forces 
might be, tlicre would be no tendency to change thc rclativc posi- 
tions of those particles, and conscqucntly thcre would bc no tide- 
producing force. 

33. The tide-producing forcc may be grapliically rcprcscntrd as in 
figure 2. 

Let O=the center of the cnrtli, 
C= the crntcr of the moon, 
P = a n y  point within or on the surface of the cnrth. 

Then  OC will represent the tlircction of thc attractive forcc of the 
moon upon a particle a t  the ccntrr of the cnrth and PP tlic tlirrction 
of the attractive force of thc nioon upon a particle a t  P .  Now, let 
the magnitude of thc nioon’s attraction at P be represented by tlie 
length of the line PC. Then, sinco the attraction of gravitation varies 
inversely as tlic square of thc distance, i t  is necessary, in ordcr to 
rcprescnt the attraction a t  0 on the same scale, to take a line C‘Q of 
such length that CQ : C ‘ P = z 2  : C’02. 

10 
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34. The line PQ, joining P aiid Q, will then reprcsmt tlic direction 
and magnitude of the resultant forcc that tcnds to disturb lhe posi- 
tion of P relativc to 0, for it rcprcsents tlic diffcrcncc bctwccn the 
force PC and R force through P cqual and parallcl to tlic force QC 
which ncts upon 0. This last statement may bc a little clearer to 
thc rcadcr if he will considcr the forcc PC ns being rcsolvcd into a 
force PD equal and parallel to QC, and the forcc PQ. The force 
PD, acting upon the particle a t  P, being cqud and parallel to tho 
force QC‘, acting upon a particlc at 0, will have no tendcncy to change 
the osition of P rclative to 0. Tlic remaining force PQ will t m d  

forcc of the moon at P. The forcc PQ may be rcsolvcd into a vertica 
component PR, which tcnds to raise tlie mater a t  P ,  and tho hori- 
zontal component PT,  which tends to move the water horizontally. 

? to a r ter the position of P relative to 0 and is the tidc-producin 

FIOURE 2. 

35. If tlie point P’ is taltcn so that the distance C‘P’ is greater than 
the distance CO, the tide-producing forcc P’Q‘ will bc directed nwa 
from thc moon. Whilc at first sight this may appcar paradoxicaf 
i t  will bc noted that the moon tcnds to scparate 0 from P‘, but as 
0 is taken as thc point of rcfcrcnce, this resulting forcc that tends to 
se aratc the points is considcred as being applied a t  the point P’ 

36. To cxprcss thc tidc-producing force by mathematical equat,ions, 
refcr to figure 2 and let 

on P y. 

T= OP =distaiicc of particle P from ccnter of carth, 
b= PC =distance of ptirticle P from ccntcr of moon, 
d= OC! =distnnce from ccntcr of cartli to ccnter of moon, 
z=COP=nngle a t  ccntcr of earth brtwccn OP and OC?. 

M=mass of moon, 
E=mtlss of enrth, 
a=nican rntlius of cnrtli, 
p=nttraction of grdvih~tioii bctwccn unit masscs a t  uni t  

y=mcan accclcration of gravity on earth’s surface. 

Also let 

distancc. 

Since tlic forcc of grnvitation v n r i ~ s  dii.cctly as tlic mass nncl invcrscly 
as thc square of the distance, 

Attraction of moon for unit mass at point O in dircction OC= PM 
(2) 
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r M  Attraction of moon for unit mass a t  point P in direction PC=-b,- (3) 

37. Let each of these forces be resolved into a vertical component 
along tho radius OP and a horizontal component per endicular to the 

tu positive for the vertical component and the direction corresponding 
to the azimuth of the moon aa positive for the horizontal component. 
We then have from (2) and (3) 

(4) 

(5 )  

(6)  

(7) 

88. The tide-producing force of the moon at  any point P is measured 
by the difference between the attraction at  P and at  the center of 
the earth. Letting 

Bame in the plane OPC, and consider the direction 4 rom 0 toward P 

ctM Attraction at  0 in direction 0 to P=-;E;" cos z 

Attraction at  0 perpendicular to OP=$ sin z 

Attraction at  P in direction 0 to P = e  b cos CPR 

Attraction at  P perpendicular to OP=% sin CPR 

F,= vertical component of tide-producing force, and 
F,=horizontal component in azimuth of moon, 

and taking the differences between (6)  and (4) and between (7) and 
(S), we obtain the following expressions for these component forces 
in terms of the unit k :  

FO/r=M( cos b2 CPR -7) cos z 

/r=M( sin bZ CPR -7) sin z 

39. From the plane triangle COP the following relations may bo 
obtained : 

b2=t3+d2-21'd COB z=d2[1-2(r/d) cos z+ (r/d)*] (10) 
sin z 

[1--2(r/d) cos z+ ( r / ~ ! ) ~ ] i  
sin CPR=sin CPO=(d/b) sin z= 

cos z-r/d 
[1-2(r/d) cos z+ (r/d)2]i  cos CPR= (1-sin2 CPR)+= 

40. In  figure 2 i t  will be noted that the value of z, being reckoned 
in any plane from the line OC, may vary from zero to 180°, and also 
that the angle CPR increases as z increases within the same limits. 
Sin z and sin CPR will therefore always be ositive. As the anglo 

small amount from the angle z and will usually be in the same quadl 
rant. In  obtaining the square root for the numerator of (12) it wag 
therefore necessary to use only that sign which would preserve this 

OCP is always very small, the angle CPR wi P 1 differ by only a ver 
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rolationship, The denominators of (11) and (12) are to be consid- 
ered am paaitive. 

41, Subotituting in equations (8) and (9) the equivalents for b, sin 
CPR, and OQB €?PI$ from e uations (10) to (12), the following basic 

tho  tido-producing force at  any point P at r distance from the center 
of tho oartb; 

formulas arg obtained for t B e vertical and horizontal components of 

42. To ex PQSS these forces in their relation to the mean accelera- 
tion sf grav P ty on the earth's surface, represented by the symbol g, 
wo have 

g/p= E/a2, or p/g=a2/E (15) 
in which E l e  the mbss and a is the mean radius of the earth. 
etituting the rcbove ip formulas (13) and (14), we may write 

Sub- 

48, Formulas (16) and (17) represent completely the vertical and 
horizontal com onents of the lunar tide-producin force at  any point 
in the oartli, f f  T is taken equal to the mean ra%us a, the formulas 
will ~rlvo]ve the constnnt ratio M/E and two variable quantities- 
the angle z which is the moon's zenith distance, and the ratio a/d 
which is the sine of the moon's horizontal parallax in respect to the 
menp radius of the earth. Because of the smallness of the ratio a/d 
it may also be taken as the parallax itself expressed as a fraction of R 
radian. The parnllax is largest when the moon is in perigee and at  
this time thc tide-producing force will reach its greatest magnitude. 
A more rnpid change in the tidal force a t  any point pn the earth's 
wrfnce is caused by the continuous change in the zenith distance of 
the moon resulting from tlrc earth's rotation. The vertical com- 
ponent attains its maximum yalue when z equals zero, ,and tho hori- 
zontpl component hns its maximum value when z is a little less than 
46". Ljubstituting numcrical values in formulas (16) and (17) and 
in similar formulas for the tide-producing force of the sun, the fol- 
lowing are obtained as the approximate extreme component forces 
when the moon nnd sun are nearest the earth: 

Greatest F, /g= ,144X for moon, or .054X lo-'' for sun 

GreRtest Fa /g=.107x10-e for moon, or .04lX10-'for sun 

(18) 

(19) 

The horizontd component of the tide-producing force may be meas- 
ured by its deflection of the plumb line, the relation of this component 
t o  gravity as ex ressed by the abovcr formula bcing the tangent of 
the angle of de H) ection. Under the most favorable conditions the 
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greatest dcflection due to the moon is about 0.022“ and the greatest 
dcflection due to the sun is less than 0.009’’ of arc. 

44. To simplify the preceding formulas, the quantity involving the 
fractional exponent may be developed by Maclaurin’s thcorem into a 
series arranged according to the ascending powers of r / d ,  this being 
a small fraction with an approximate maximum value of 0.018. Thus 

- 1 +3  cos 2 (r/d) 1 
{1--2(r/d) cos z + ( r / d ) y -  

+3/2 (5 COS’ Z- 1) (r/d)’ 
$5/2 (7 cos3 2-3 cos ~ ) ( r / d ) ~ + e t c .  (20) 

45, Substituting (20) in formulas (16) and (17) and neglecting tho 
higher powers of r /d ,  we obtain the following formulas: 

F ,  /9=3 ( M / E )  (a/d)* (cos2 z- 1/3) (r/d) 

Fa /g=3/2 ( M / E ) ( U / ~ ) ~  (sin 2 z )  (r /d)  

+3/2 ( M / E ) ( u / ~ ) ~  (5 cos3 2-3 cos z)  (r/d)’ 

+3/2 ( M / E )  (a/@ sin z (5 cos2 z- 1)  (r/d)’ 

(21) 

(22) 

46. If T ,  which reprcscnts the distance of the point of observation 
for the center of thc earth, is rcplaced by the mean radius a,  i t  will be 
noted that the first term of each of the above formulas involves the 
cube of the ratio ald while the second term involves the fourth power 
of this quantity. This ratio is essentially the moon’s parallax ex- 
prcsscd in thc radian unit. Thcsc terms may now be written as sepa- 
rate formulas and for convenience of identification thc digits “3” and 
“4” will bc annexed to the formula symbol to represent respectively 
the tcrms involving the cube and fourth power of the parallax. Thus 

Fp3 /g=3 ( M / E )  (u/~)~(cos’ Z- 1/3) 

F,4 /g=3/2 ( M / E )  ( ~ / d ) ‘ ( 5  cos3 2-3 COS Z )  

Fo3 /g=3/2 ( M / E )  ( ~ / d ) ~  sin 22 

Fa, /g=3/2 (M/E)(a/d)‘sin z (5 cosz 2-1) 

(23) 

(24) 

(25) 

(26) 

Formulas (23) and (25) involving thc cube of the parallax represent 
the principal part of the tidc-producing force. For the moon this is 
about 98 per cent of the whole and for thc sun t~ higher percentage. 
The part of thc tide-producing form reprcsrnted by formulas (24) nnd 
(26) and involving the foortli powcr of thc pnrallax is of vcry little 
ractical importance but as R matter of theorctical interest will bo 

rater yivcn further nttention. 
47. An cxarnination of formulas (23) and ( 2 5 )  shows that the prin- 

cipal part of the tidc-producing force is symmetrically distributcd 
over the earth’s surface with rcspcct to a plane through thc center of 
the earth and perpendicular to a linc joining the ccntcrs of the earth 
and moon. The vcrtical componcnt (23) has mnximum positive 
value whcn tho zenith distance z=O or 180” and a maximum ncgatiire 
value whcn z=90°, the maximum negative value being one-half as 
great as the maximum positive value. The vertical component be- 
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comcs zero when Z = C O S - ’ ~ ~ ~  (approx. 54-74’ and 125.2G’). The 
horizontal coinponciit (25) has its maximum value when 2=45’ and 
an cqual masimum negative value wlicn 2=135’. The horizoiital 
component becomes zero when z=O, 90’’ or 180. 

48. If numerical valucs applicablc to thc mcan parallax of the moon 
arc substituted in (23) and (25)’ these component forces may be 
wri ttcn 

F, /g at mean parallax=0.000,000,167 (cos2 2- 1/3) 

FU3 /g a t  mean parallax=0.000,000,084 sin 22 
(27) 

(28) 
For thc corrcsponding componen ts of tlic solnr tide-producing force, 
tlic numerical cocfficicnts will bc 0.46 timcs as great ns those in the 
nbovc formulns. 

49. For the cxtrcmc values of the componcnts rcprcscntcd by (23) 
and (25)’ with the moon and sun ncarcst the cnrtli, thc following may 
bc obtained by suitable substitutions: 

Greatest Fr3 /g=.140X10-B for moon, or .054X10-8 for siin (29) 

Greatest Fa3 /g=.105X10-6 for moon, or .041X10-6 for sun (30) 

Compaiing the above with (18) and (19)’ i t  will bc notcd tlint the 
maximum values of the lunnr componcnts involving tlic cube of tlic 
moon’s nrallnx arc orily slightly less tlmn the corrcsponding maxi- 

thc diffcrcnccs arc too smull to bc shown with the numbcr of dccinial 
places uscd. 

mum vn P ucs for the entire lunnr force, while for tlic solnr coinponcrits 

VERTICAL COMPONENT OF FORCE 

50. It is now proposed to expand into a scrics of liarmonic terms 
formuln (23) which rcprcscnts the principal vcrtical component 
of tlic lunar tide-producing force. In figure 3 let 0 rcprcsciit tlic 
ccntcr of thc earth and let projcctions on tlic cclcstial splicrc bc ns 
follows: 

C’ tlic north pole 
I M’ P’, tlic earth’s equator 
I M, the moon’s orbit 

tlic position of the moon 
tlic place of obscrvatioii 

M, 
P’ 
C M A4’, the hour circle of the moon 
C P P‘, the mcridinn of place of obscrvntion 
I ,  the intcrsrction of moon’s orbit nnd cqriator 

I =niiglc M I  M’=inclination of moon’s orbit to carth’s equator 
t =arc P’M‘ or angle PCM=hour nngle of moon 
X=IP’=longi tude of P ~ncasured in cclcstial cquntor from 

j =IM=longitudc of moon in orbit reckoncd from intcrscctioii I 
2 =PAl=zcnith distance of moon 
D=M’M=declination of moon 
1’= P’P=lr.ti tudc c f P 

Also let 

intersection I 
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The solution of a number of t,lw spherical trian les represented in 

the formulas for the tide- roducing force. 

MC and PC are the complements of D and Y, respectively. 
therefore write 

Subst.ituting this value in formula (23 ) ,  we obtain 
Fe3 / g = 3 / 2  ( M / E ) ( a / d ) 3 ( 1 / 2 - 3 / 2  sin2 Y ) ( 2 / 3 - 2  sin2 D ) - - - -  FrM /g 

figure 3 will provide certain relations needed in t a e development of 

51. In spherical triang f e MCP, the angle C equals t and the sides 
Wc may 

cos z=sin Y sin D+cos Y cos D cos t (31)  

. +3/2  ( M / E ) ( u / ~ ) ~  sin 2Y sin 2 0  cos t - - - - F D 3 1  / g  
+ 3 / 2  (M/E)  ( ~ / d ) ~  COS' Y COS' D COS 2 t -  - -  -Fr32 / g (32 )  

FIOURE 3. 

52. In formula (32)  the vertical component of thc tide-producing 
force has been separated into three parts. The first term is inde- 
pendent of the rotation of the earth but is subject to vnriations nris- 
ing from changes in declination and distance of the moon. I t  in- 
cludes what are known as the long-period constitwnts, that is to say 
constituents with pcriods somewhat longer than a day and hi generai 
a half month or longer. The second term involves the cosine of the 
hour angle ( t )  of the moon and this includes the diurnal constituents 
with periods approximating the lunar dav. The lnst term involves 
the cosine of twice the hour angle of the moon and includes the 
semidiurnal constituents with periods approximating the half lunar 
day. The grouping of the tidal constituents according to their 
approximate penods affords an important classification in tlie further 
development of the tidnl forces nnd these groups will be called classes 
or species. Symbols pertaining to a particular species are often 
identified by a subscript indicating the number of periods in a day, 
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the subscript o being used for the long-period constituents. In 
formula (32) the individual terme are identified by the annexation 
of the species subscri t to the general eymbol for the formula. 

same coefficient 3/2 ( M / m  (u d)8 .  In  each case the iatitude (Y) 
factor has a maximum value o I unity, this maximum being negative 
for the first term. For the lon -period term (Fbm /g), the latitude 

in latitude 35.26O (approximately), and reaches a maximum negative 
value of- 1 a t  the poles, the factor being the eame for correspondin 
latitudes in both northern and southern hemispheres. For the diurna 
term (Foal /g), the latitude factor is positive for the northern hemisphere 
and ne ative for the southern hemisphere. It has a maximum 
value o f  unity in latitude 45O and is zero at the equator and poles, 
For the semidiurnal terms (FVa /g) the latitude factor is always posi- 
tive and has a maximum value o! unity a t  the equator and equals 
zero at  the poles. 

54. For extreme values attainable for the declinational (D) factors, 
consideration must be given to the greatest declinatjon which can 
be reached by the tide-producing body. The periodic max,imum decli- 
nation reached b the moon in its 18,6 year node-cycle 1s 28.6' but 
this may be slig l tly increaaed by other inequalities in the moon's 
motion, The maximum declination for the sun taken the same as the 
obliquity of the ecliptic, is 23.45'. The deciination factor of the 
long-period term (FOP /g) has a maximum value of 2/3 when the decli- 
nation is zero. It duninishes with increaaing north or south declina- 
tion but must always remain positive because of the lipits of the 
declination. For the diurnal term (F,,, /g) the declinational factor 
has its greatest value when the declination is greatest. For the moon 
the maximum value of this factor ie a proximately 0.841,and for the 

negative for the south declination. For the semidiurnal term (FOBS /g) 
the declinational factor for both moon and sun is always positive and 
has a maximum value of unit at eero declination. 

vertical component of the tide-producing force as represented by 
formula (32) and applicable to the t h e  when the moon and sun are 
nearest the earth, are as follows: 
Greatest FoaO /g= - .070X loLe for moon, o t  - .027X 10-d for sun (33) 
Qreatest F,81 /g= f .088X 10-6 for moon, or f .030X 10-e for sun (34) 
Greatest FOas Io- + .lOaX 10-6 for moon, or + .041 X 10-e for sun (35) 
For the long-period term (88) the greatest value applies to either pole 
Fnd is ne ative. For the diurnal term (34) the greatest value applies 
in latituck 4 6 O  and mar be positive or negative according to whether 
the latitude and decllnational factors have the same or opposite 
Signa. For the temidiyrnal term (35) the greatest value applies to 
the equator and 18 positive. 

to formula (32), let u/c equal the mean value of 
pmdlax a/d. &hen a/d may be replaced by,its equivalent (a/c) (c ld) ,  
m which the fraotion c d expreeses the relation between the true and, 
the mean parallax. A$ o let U=(M/E) ( U / C ) ~ ,  the numerical value 
of whioh will be found in table 1. Expressing separately the three 
terms of formula (SZ), we then have 

53. As written, a1 P of the three terms of formula (32) have the 

factor has a maximum positive va P ue of % a t  the equator, becomen zero 

7 

sun 0.730. This factor is poeitive P or the north deolination and 

55. The greatest numerica s values for the several terms of the 

66. Referrin 
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Fv30 /g=3/2 U ( ~ / d ) ~  (112-312 sin2 Y)(2/3-2 sin2 D) 
Foal /g=3/2 U ( ~ / d ) ~  sin 2 Y  sin 2D cos t 
Fo32 /g=3/2 U (c/d)a COS’ Y COS‘ D COS 2t 

(36) 
(37) 
(38) 

57. Referring to figure 3, the following relations may be obtnined 
from the right spherical triangles MIM‘ and MP’-U’ and the oblique 
spherical triangle MP’I: 

(39) 
(40) 
(41) 

(42) 
58. Replacing the functions of D and t in formulas (36) to (38) by 

their equivalents derived from equations (39) nnd (42)’ there are 
obtained the following: 
FOw /g=3/2 U(~/d)~(1/2-3/2 sin2 Y) X 

(43) 
FV3, /g=3/2 U(c/d)! sin 2YX 

sin D=sin I sin j 

cos MP’=cos X cos j+sin X sin j cos I 
COS D COS  COS MP’ 

cos D cos t = cos X cos j+ sin A’ sin j cos I 
= cos2 +I  cos (X- j) + sin2 3 I cos (X+ j) 

[2/3 - sin2 I+ sin2 I cos 2j] 

[sin I cos2 +I cos (X+90°-2j) + 1 /2 sin 2 1  cos (X- 90’) 
+sin I sin2 41 cos ( ~ - 9 O ~ + 2 j ) l  

[cos4 $1 cos (2X-2 *) + 1 /2 sin* I cos 2x3  

F,az /g=3/2 U ( C / ~ ) ~  COS’ YX 
(44) 

+sin4 +I cos ( 2 ~ + 2 j ) l  (45) 
The above formulas involve the moon’s actual distance d and its 
true 1ongitude.j as measured in its orbit from the intersection. While 
these are functions of time, they do not vary uniformly because of 
certain inequalities in the motion of the moon, and it is now desired 
to replace these quantities by elements that do change uniformly. 

59. Referring to paragraphs 23-24 nnd to figure 1, it will be noted 
that longitude measured from intersection A in the moon’s orbit 
equals the longitude measured from the referred equinox 7’’ less arc 
E ,  and longitude measured from intersection A in the celestial equntor 
equals the longitude measured from the equinox T less arc v .  
Now let 

s’=true longitude of moon in orbit referred to equinox 
s =mean longitude of moon referred to equinox 
k =difference (s’-s) 

Then 
j= s’ -[=s -€+ k (46) 

60. I n  figure 4 let 5” and P’ be the points where the hour circles of 
the mean sun and place of observation intersect the celestial equator 
T the vernal equinox, and I the lunar intersection. Then X wili 
equal the arc P’I and v the arc I T .  

Then 

Now let 
h=mean longitude of sun 
T=hour angle of mean sun 

X=T+h-v (47) 
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61. Substituting the values of j and X from (46) and (47 )  in formu- 
las (43 )  to ( 4 5 ) ,  these may be written 
Fo3,, / g - 3 / 2  U ( 1 / 2 - 3 / 2  sin2 Y)X 

[ (c /d)  (2 /3  - sin2 I )  + ( ~ / d ) ~  sin2 I cos ( 2 ~ - 2 € + 2 k ) ]  

Foal / g = 3 / 2  U sin 2 Y X  
[ ( ~ / d ) ~  sin I cos2 31 cos (T-2s+h+2€-v+9O0-2k)  
+ 1 / 2  ( ~ / d ) ~  sin 2 1  cos (T+h-v -90° )  + ( ~ / d ) ~  sin I sin2 $1 cos (T+2s+h-2€-v-90°+2k)]  (40)  

F,32 / g s 3 / 2  U cos2 YX 
[ ( ~ / d ) ~  COS' $1 COS ( 2 T - - 2 s + 2 h + 2 ~ - - 2 ~ - 2 k )  
+ 1/2  ( ~ / d ) ~  sin2 I cos (2T+2h-2v)  + (c/aS sin' 31 cos ( 2 T + 2 ~ + 2 h - 2 [ - 2 v + 2 k )  (50) 

FIOURE 4. 

Disregarding a t  this time the slow change in the function of I ,  the 
variable part of each term of the above formulas may bo expressed in 
one of the following fonns-(c/J)s, cos A, (c /&)~  cos (A+2IC), or 
(C/@ cos ( A - 2 k ) ,  in which A includes all the olements of the variable 
angular function excepting the multiple of I C .  

62. The following equations for the motion of the moon wcro 
adapted from Godfray's Elementary Treatise on tho Lunar Theory: 

s'= true longitude of moon (in radians) 
s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (mean longitude) 

+2e sin ( s - p ) + 5 / 4  e2 sin 2(s-p)_--_-_ (elliptic inequality) + 15/4 me sin(s--h+p) - _ _ - - _ _ _ _  - - (evectional inequality) 
+11 /8  m2 sin 2(s--h)--_--,_--(variational inequality) 

- - 

( 5 1 )  
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c/d= (true parallax of moon)/(mean parallax of moon) 
=unity 
+e cos ( s - p )  +e2 cos 2 ( s -p ) -  - _ _  - - - - - - (elliptic inequality) + 15/8 me cos ( s - 2 h + p )  _ _ _ _  - - - - - - - (evectional inequality) 
+m2 cos 2 ( s - h )  - - - - - - - - - - - - - (variational inequality) (52)  

in which 
s'= true longitude of moon in orbit (referrad to equinox) 
s=m.ean longitude of moon 
h=mcan longitudc of sun 
p=menn longitude of lunar porigee 
e=ccccntricity of moon's orbit=0.0549 

m=ratio of mean motion of sun to that of moo~-O.Q748 
The elements e and m are small fractions of the first ordor and the 
square of cither or the product of both may be considcrcd a8 being of 
the second ordcr. I n  the following developrncnt the higher powcre of 
these dements will be omitted. 

63. Since k has been taken as the cliffcrcnce betwccn the truo and 
the mean longitude of the moon. we may obtain from (51) 
k=2e sin (s-p)+5/4 e2 sin 2(s--p) 

(53 )  
The value of k is alwa s sm.al1, its mnximuni value boing about 0,137 

sine of k or the sine of 2k is equal to the angle itself, 
sin 2k=2k=4e sin ( s - p ) + 5 / 2  e2 sin 2(s--p) 

cos 2k=1-2  sin2 k = l - 2 k 2  

terms smnllcr than those of the second order being omitted, 

+15/4 me sin ( ~ - 2 h + p ) + 1 1 / 8  m2 sin 2(s-h) 

radian. It may there 9 ore be assumod without matorid orror that the 
Then 

+ 15/2 me sin (s-2h-I-p) + 11/4 in2 sin 2 (8-h) (54)  

=1-4e2+4e2 cos 2 ( s - p )  (55) 

64. Cubing (52 )  and neglecting the smpller terms, we obtrtin 
(c /dJ3=1+3/2 e2+3e co3 ( s - p ) + 9 / 2  ea cos ?(s -p )  

Multiplying (54) and ( 5 5 )  by (56) 
(c/Q3 sin 2k=4e sin ( s - p ) + 1 7 / 2  e2 sin 2 ( s - p )  

( ~ / d ) ~  cos 2k=1-5 /2  e2+3 e cos ( .s-p)+17/2 e2 cos 2(s -p )  

+45/8 me cos ( s - 2 h + p ) + 3  m2 cos 2(s--h) (66) 

+15/2 me sin ( ~ - 2 h + p ) + 1 1 / 4  m2 sin 2(s -h )  

+45/8 me cos ( ~ - 2 h + p ) + 3  mz cos 2(s--h) 

(37) 

(58) 
65. From (56)' (57), and (58 ) ,  we may obtain the following goncral 

exprcssions applicable to the further developmen t of formulns (48) 
to (50). Ncgativc coefficicnts have bccn avoided by tlio iIitroduction 
of 180' in the angle whcn neccssnry. 
(c/q3 cos ( A - 2 k )  = ( ~ / d ) ~  cos 2k cos A+ 
= ( 1  - 5 /2  e2) cos A 
+ 7 / 2  e cos (A-S+p)+1 /2e  cos (A+s-p+18Oa) 
+17/2 e2 cos ( A - 2 s + 2 p )  
+ l05 /16  me cos (A-s+2h-p )+15 / lG  me cos (A+s-2h+p3-18O0) 

sin 2k sin A 

+23 /8  m2 cos ( A - 2 s + 2 h ) + 1 / 8  mz COB (A+?6--!2h) (5Q) 



HARMOSIC AXALYSIY ANI) PREDICTION OF TIDES 21 

(C/G?)~ cos A=(1+3/2 e') cos A 
+3/2 e cos (A-s+p)+3/2 e cos ( A f s - p )  
+9/4 e' cos (A-2s+2p)+9/4 e' cos (A+2s-2p)  
4-45/16 me cos (A-s+2h-p)+45/16 me cos (A+s-2h+p) 
$312 m2 cos (A-2s+2h)+3/2 m2 cos (A+2s-2h) (60) 

cos (A+2k)  = (c /u!)~ cos 2k cos A- ( ~ / d ) ~  sin 2k sin A 
=(1-5/2 e2) cos A 
+7/2 e cos (A+s-p)+1/2 e cos (A-s+p+180°) 
+17/2 e2 cos (A+2s--p) 
+105/16 me cos (A+s--Bh+p)+15/16 me cos (A-s+2h-p+180°) 

(61) 
66. After suitable substitutions for A liavc been made in the tlirce 

preceding equations they arc immediatcly applicable to t l x  final 
expansion of the several tenns in formulas (48) to ( S O ) ,  excepting the 
first term of (48)  for which formula (56)  may be uscd dircctly. Each 
term in the expanded formulas givcn bclow rcprcsents a constituent 
of the lunar tide-producing force nnd for conrcnicncc of reference 1s 
designated by tho letter A with a subscript, Therc are also givcn tho 
generally recognized symbols for thc principal constitucnts, and whon 
such a symbol is enclosed in bracltcts it signifies that thc term given 
only partially represents thc constitucnt so named. 

67. Formula for long-period const,ituents of vertical component of 
principal lunar tide-producing force: 

(A,) [(2/3-sinz I ) {  (1+3/2 e') _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  permnnent term 
(4 +3 e cos (s-p) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Mni 
(A,) +9/2 e' cos (2s-2p) 
(4 +45/8 me cos (s-Zh+p) 
(Ad +3 mz cos (2s-2h)j  . . . . . . . . . . . . . . . . . . . . .  MSf 
(A,) + sin2 I {  (1-5/2 e') cos (2s-2.9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Mf 
(A71 +7/2 e cos (3s-p-2[) 
(A,) +1/2 e cos (s+p+18Oo-2[) 
(4 + 17/2 e2 cos (4s-2p-2[) ( A O )  +105/16 me cos (3s-2h+p-2[) 
(All) + 15/16 me cos (s+2h-p+ 18O0-2€) 
(AI') +23/8 m' cos (4s-2h-2[) 

$23/8 m2 cos ( A + 2 ~ - 2 h ) +  1/8 m2 cos ( A - 2 s S 2 h )  

Fc30 /g=3/2 U(1/2-3/2 sin' Y ) X  

( A d  +1/8 m2 cos (2h-2[)}]  (62) 
68. Formula for diurnal constituents of vertical componont of 

Principal lunar tide-producing force: 
Fo31 /g=3/2 U sin 2 Y X  

(4,) [sin I cos2 1 / 2 1  
0, 

( 4 6 )  +7/2 e cos (T-3s+h+p+9Oo+2[-v)_-_- Q i  
( 4 6 )  +1/2 e cos (T-s+h-p-90°+2€-v)-----  [MI] 
(A171 +17/2 e' cos (T-4s+h+2p+9O0+2€-v)- - 2Q1 
( 4 8 )  + 105/16 me cos(T-- 3s+3h-p+90°+2€- V I -  PI 

(A181 +15/16 me cos (T-s-h+p-90°+2~-v) 
( 4 0 )  $23/8 m2 cos (T-4s+3h+9O0+2[-v)---- ul 

{ (1-5/2 e') cos (T-2s+h+90°+2[-v)--__ 

(4 + 1 /S mB COB (T- h+ 90'4- 2[- V )  } 
(Formula continued noxt pose) 
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(A22) +sin 21{ (1/2+3/4 e2) cos (T+h-90°-v) - - - - - - - -  [I<,] 
(A,) $314 ecos (T-s+h++-90°-vv)--------- [ A M 1 1  

(A241 +3/4 e cos (T+s+h-p-90°-v) - - - - - - - - -  J1 
(A251 +9/8 e2cos (T-2s+h+2p-90"-~) 
(A261 +9/8 e2cos (T+2s+h-2p-90'-v) 
(A271 +45/32 mecos (T-s+3h-p-90°-vv)----- XI 
(A'S) +45/32 me cos (T+s-h+p-90°-v) _ _ _ - _  O1 
M 2 ! J  +3/4 m2cos (T-2s+3h-90°-v) - - - _  - - - - -  MPI 
(A301 +3/4 m' cos (T+2s- h- 90'- v )  } - - - - - - - - - SO1 

{ (1-512 e2) cos (T+2s+h-90°-2[-v)---  00, 
+7/2 e cos ( T + 3 s + h - - p - 9 0 ° - 2 ~ - v ) ~ ~ - -  I<&, (4432)  

(A331 +1/2 e cos (T+s-f-h+p+90°-2[-v) 
(A30 + 1712 e2 cos (T+4s+ h-2p- 90O-2.5 v )  
(A351 +105/16 me cos ( T f 3 s - ? ~ + p - 9 0 ' - 2 [ - ~ )  
tA3R) +15/16 me cos (T+s+3?~-p+90'-2~-v) 
(A371 4-2318 m2cos (T+4s-h-90°-2~-v)  

+sin I sin2 ::I 
(A311 

(A3d +1/8 m2cos (T+3h-90°-2[-v)}] (63) 
69. Formula for semidiurnal constituents of vertical component of 

principal lunar tide-producing force: 

(Aj0) [COS* &I{ (1-512 e') cos (2T--2~+2h+2[-2v) _ _ _ -  M, 
(A401 4-712 e cos ( 2 T - 3 ~ + 2 h + p i i 2 4 - 2 ~ )  - - - - -  N2 
tA41 + 112 e cos ( 2 T - ~ + 2 ~ - p + 1 8 0 ~ + 2 [ - 2 v )  - [LL] 
(A421 4-1712 e2cos (2T-4~+2h+2p+2€-2v) _ _ _  2N2 
(A431 +105/16 me cos (2T-3~+4h-p+2€-2v)  - v2 
tA44) +15/16 me cos (2T--s+p+180'+2€-2v) - XZ 
L 4 4 5 )  +23/8 m2 cos @T-4s+4h+2E-2~) - - - - -  p2 

(A461 +1/8 m2cos (2T+2[-2v)}  
(A47) +sin21{ (1/2+3/4 e2) cos (2T+2h-2v) _ _ _ _ _ _ _ _ _ - -  [K21 

(A401 +3/4 e cos (2T+s+2h-p-2v) _ _ _ - _ _ - - -  I(J2 
(Am) +9/8 e2 cos (:!T-2s+2h+2p-2v) 
(A511 $918 e2 cos (2T+2s+2h-2p-2~)  
(A521 4-45/32 me cos (2T-s+4h-p-2v) 
(A531 

( A d  
(A551 +3/4 m2 cos ( 2 T + 2 ~ - 2 v ) }  
(A,) +sin' +I{ (1-512 e2) cos ( 2 T f 2 s f 2 h - 2 f - 2 ~ )  
tA5d $712 e cos ( 2 T + 3 ~ + 2 h - p - 2 [ - 2 ~ )  

b 4 5 d  +17/2 e2 cos ( 2 T S 4 s i - 2  -22.'-2t-2~) 
(Am) +105/16 me cos (2T+3s+p-2t-2v) 
(A611 4-15/16 me cos (2T+s+41~-p+180'--2(-2v) 

+23/8 m2 cos (2Tf4s-25-2v)  

Fr32 /g=3/2 U COS~YX 

(&I +3/4 e cos (2T-s+2h+p-2v) - _ _ _ _ - - - -  [ L I  

+45/32 me cos (2T+s+ -2v) 
+3/4 m2 cos (2T-2s+4 -2v) l 

l + l / 2  e COS (2T+s+2h+ +180'-2(-2~) (A581 

(A63) +1/8 m' COS ( 2 T + 4 h - 2 [ - 2 ~ ) ) ]  (64) 
70. Argumeiits.--Except for the slow changes in tlie values of I ,  E ,  

and v which result from tlie revolution of the moon's node, ench term 
other than the permanent one in the t h e e  preceding formulas I? nn 
hhrmonic function of nn nngle that changes uniformly with time. 
This angle is known ns the argument of the constituent, nlso as the 
equilibrium argument when obtained in connection with the develop- 
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ment of the equilibrium tide. By nnnlogy, the argument of the per- 
manent term may be considered as zero, the cosine of zero being unity. 

71. The argument serves to identify the constituent by determining 
its speed and period and fixing the times of the maxima nnd minima 
of the corresponding tidal force. It usunlly consists of two parts 
represented by the symbols V and u. When referring to n pnrticular 
instant of time such as the beginning of a series of observations, the V 
is written with a subscript ns V,. Tho first part of tho argument in- 
cludes any constant and multiples of one or more of the following 
astronomical elements--, the hour angle of tlie mean sun a t  the 

lace of observation; s, thc mean longitude of the moon; h the mean 
kngitude of the sun; nnd p ,  the longitude of tho lunar perigee. Tho 
second part u includes multiples of one or both of the elements t: and Y, 

which are functions of the longitude of the moon’s node nnd vary 
slowly between small positive and negative limits throughout n 19-year 
cycle. In  a series of observations covering n year or less they are 
treated ns constants with values pertaining to the middle of tho series. 
They do not nffect the average speed or period of the constituent. 
Their values corresponding to encli degree of N ,  the longitude of the 
moon’s node, are included in table 6, formulns for their computation 
being given on p. 156. 

72. The hourly speed of a constituent may be obtained by adding 
the hourly specds of the elements included in tlic TT of tlic argument. 
These elementary speeds will be found in tn.blc 1. The period of a 
constituent is obtained by dividing 360’ by its speed. The approxi- 
mate period is determined by the element of grcatcst sprcd contained 
in the argument. Thus, the hour angle T has a speed of 15’ pcr 
Incan solar hour and all constitucnts with a single T in their argu- 
ments have periods approximating one day, while constituents with 
arguments containing thc multiple 2 T have periods approximating 
the half day. Next to T, the clem.ent of greatest speed is s the 
mean longitude of the moon, and long-period constituents with a 
single s in tlicir arguments will linve periods approximating the 
month. and with any multi le of s tho corrcsponding fraction of a 
month. The argum.ents an: speeds of the constituents are listed in 
table 2. Nuinericnl valucs of the arguments for the beginning of 
each calendnr year from 1850 to 2000 aro given in table 15 for con- 
stituents used in the Const and Geodctic Survey tidc-predichng 
mnchinc. Tnblcs 16 to 18 provide differenccs for referring these 
arguments to any day nnd hour of the year. 
73. In order to visualize the arguments of the constituents dcpcnd- 

ing primarily upon the rotation of the cnrth, some linvo fount it  
convenient to conccivc of a system of fictitious stars, or “astres fictifs” 
as they arc sometimes cnlled, which move a.t n nniform rate In the 
celestial equator, each constitucnt being rcprescntcd by a scpnrate star. 
Thus, for the principnl lunnr constituent wc havc tho mcan moon nnd 
for the principnl solar cons’; tucnt the mcnn sun, whilo the various 
incqunlitics in the motions of thasc bodics nre scrvcd by imaginary 
stars which reach the lncridian of the placo of obscrvation a t  times 
Corresponding to the zero vnlue of the constitunnt argummt. For 
the diinnnl constituents tlie nrgumcnt equals the hour angle of tlic 
Star but for tlic semidiurnal constiti1cnt.s the nrgiimcnt is doublc t.lic 
1 m r  nnglc of t.hc stnr. 
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74. Coeficients.--The complete coefficient of each term of formulas 
(62) to (64) includcs several important factors. First, the basic .factor 
U,  which equals the ratio of tlic mass of thc moon to that of thc carth 
multiplied by the cube of the mcnn parallax of the moon, is common 
to nll of the terms. This together with thc common nuinerical cocffi- 
cient may be dcsignatcd as thc general coegicient. Ncxt, tlic function 
involving thc latitiidc Y is known as  the latitude .factor, each formula 
having a diffcrcnt lntitudc factor. Following the latitude factor is a 
function of I ,  thc inclination of tlie moon’s orbit to thc plant, of the 
carth’s equator, which rnny nppropriatcly bc callcd the obliquity~factor, 
cadi factor applying to IL group of terms. Lastly, we liavc an indi- 
vidual trrm cocfficicnt wliicli inclutlcs a numcricnl factor and involves 
tlic quantity e or rn. Siiicc thcsc factors arc dcrivcd from tlic equa- 
tions of elliptic motion, they will her(. bc rcfcrrcd to as elliptic factors. 
Thc product of thc elliptic fncLor by the mcnn value of tlic obliquity 
factor is linown n s  tlic mean consfi fuent co~ f i c i en t  (0. Numcricnl 
vnlucs for tlicsc cocfficicnts nrc’ given in table 2. Sincta all terms in 
any onc of thc formulns hnvc tlic snmc gcncrnl cocfhicnt nnd lntitudc 
fnctor, their rclntivc mapnitudrs will be proportional to their constitu- 
ent cocfficients. Terms of tliffcrcnt formulas, liowcvt~r, liavc tliffcwnt 
lntitudc fnctors nntl tlicir coiistituent coefficients nrc riot tlirrctly 
compnrnblc without tnlririg into account tlic latitiiclc of tlic phcc  of 
obsrrvation. 

75. Thc ohliqiiity fnctors nrc suhjrct to vurintions througlioiit nn 
L8.G-ycnr cyclc bccnusc of the rcvolution of the moon’s notlc. Dur- 
ing this pcriotl tlic vnluc of I vnrics bctwccn tllc limits of w-- i  niitl 
w + i ,  or from 18.3’ to 28.G’ npproxiinatcly, and tlic functions of I 
changc accordingly. In  ortlcr t l in t  tidal (h tn  pcrtnining to tliflcrcnt 
ycnrs may he inntlc compnrnblc, i t  is ncccsstiry to adopt certain stnnd- 
ard mean vnliics for the obliquity factors to which rcsults for tliffercnt 
years may be rcducctl. Wliile thcrc arc scvcrnl systems of mcnns 
which woulcl serve cqiinlly well as stantlnrd vnlucs, tlic systcni ntloptcd 
by Darwin in the cnrly dcvcloplnent of tlic hnrmonic nnnlysis of titlcs 
has thc snnction of long usngc untl is tlirrcforc followtl. By tho 
Darwin method, the mcnn for the obliquity factor is obtniuctl from 
the product of the obliquity factor nntl tlic cosine of the c.lrnicnts E 
and Y appenrjng in tlic arguincnt. This may hc cxprcssctl as tlic 
m c m  value of tlic product J cos u, in which J is tlic function of I in 
tlic coefficirnt nnd u the function of [ and v in tlic arpirrncnt. Since 
21 is relntivclv small and its cosine tlificrs little from unity, tlie result- 
ing mean will not difler greatly from the mcnn of J alonc or from the 
function of I when given its mean value. 

76. Using Darwin’s systcm as tlcscribcd in section G of his paper 
on tlic Harmonic Analysis of Tidal Obscrvations publislictl in volume I 
of his collcction of Scientific Pnpcrs (also in lieport of tlir British 
Association for the Advancancnt of Scicncc in 1883), the following 
mean values are obtaincd for the obliquity factors in foimiulns (62) to 
(64). Thcse values wcre used in tlic computation of tlir corrosponding 
constituent cocfficients in tablc 2. Tlic subscript ,, is here used to 
indicate the mean value of tho function. 
For terms A, to A,  in formula (62) 

(65 )  
For torms A,  to AI3 in formula (62) 

(66) 

[2/3-sin2 IIo=(2/3-sin2 u)(1-33/2 sin2 i)=0.6021 

[sin2 I cos 25],,=sin2 w cos4 +i=0.1578 
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(67) 

(68) 

(69) 

(70) 

(71) 

(72) 
77. Tlic ratio obtained by dividing tlic true obliquity factor for 

nny vnluc of I by its mean vnluc niny be callctl n nodefactor since it is 
a function of tlic longitudo of thc moon's nodc. Tlic symbol gcnernlly 
used for tlic nodc factor is tlic smnllf. Thc nodc factor may be used 
with a mcnn constitucnt cocfficicnt to obtniii thc true coefficient 
corrcqonding to a given longitude of tlic moon's node. Nodc fnctors 
for tlic several terms of formulas (62) to (64) mny bo expressed by the 
following rntios: 

(73) 
(74) 
(76) 
(76) 
(77) 
(78) 
(79) 
(80) 

Nodc factors for thc middlc of each calcndar ycor from 1850 to 1999 
nrc g i r m  i n  table 14 for the constitumts iiscd in thc Const nnd 
Gr-odctic Survry tide-predicting muchinc. Tlicso include all the 
fnctors nbovc cxcrpting formulas ( i 9 )  nnd (80). H o w w r ,  since 
forniulu (79) rcy-cscnts an incrcasc of only about one pcr cent over 
fonnirln (74), tlic tnbrilar valurs for the lnttcr nrc readily ndaptcd to 
fonnulo (79). Nodc factors cbniigc slowly nnd intcrpolutions can be 
nintlc in tnblc 14 for nny dcsircd part of tlic year. For practiciil 
Imposes, Iiowcvcr, the values for tlic middlc of the year arc gcncrally 
tnkcn ns constant for tlie entire year. 

78. Tlic reciprocal of the nodc fnctpr is callcd the reduction factor 
nntl is usunlly rcprcscnted by the capital F. Applied to tidal coeffi- 
cients pcrtnining to any particular year, tho rcduction factors serve 
to rcducc tlieni to n uniform standard in order that they may be 
compnrnblc. Logarithms of the reduction factors for every tenth of 
a degree of I are given in table 12 for the constituents used on the 
tidr-predicting mnchine of this office. 

79. Formulas (62)' (63), and (64), for the long-period, diurnal, and 
semidiurnal constituents of the vertical component of the tide-pro- 
ducing force may now bc summarized RS foIIows: 
Let E=constituent argument from table 2 

C=mcan constituent coofficient from table 2 
f =node factor from table 14 

For terms A14 to AzI in forniuln (63) 

For torms Az2 to A30 in forinuln (63) 

For terms A31 to A3,, in formula (63) 

For terms A30 to A,, in formula (64) 

For tcrins A,, to AS5 in formula (64) 

For terms A,, to Ass in formuln (64) 

[sin I cos2 +I cos ( 2 + ~ ) ] ~ = s i n  w cos' +w cos' +i=0.3800 

[sin 2 1  cos uIo=sin 2 w  (1-3/2 sin' i)=0.7214 

[sin I sin' 31 cos (2E+v)Io=sin w sin2 +u cos' +i=0.0164 

[COS' 31 COS ( ~ [ - ~ v ) ] ~ = c o s ~  +w COS' +i=0.9154 

[sin2 I cos 2~]~=s in '  w (1-3/2 sin2 i)=0.1565 

[sin4 31 cos (2t+2v)lO=sin4 +w cos' +i=0.0017 

.{(Al) tof(A,) =f(Mm)= (2/3-sin2 1)/0.5021 
f ( A , )  to.f(A13) =f(Mf) =sin2 I /0.1578 
f(Al,) to .f(A21) =f(Ol) =sin I cos2 +I /0.3800 
f !Az2)  tof(A30) =f(JI) =sin 2 1  /0.7214 
f(&) tof(A3J =f(OO1)=sin I sin2 31 /0.0164 

f(R,;) tof(A5,) =sin2 I /0.1565 
f ( A 5 , )  tof(Ae3)=sin' 3 I /0.0017 

.f(A,") tof(At8) =f(MJ =COS' 31 /0.9164 
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Then 
Fo30 / g = 3 / 2  U ( l / 2 - 3 / 2  sin*Y) Z j C  cos E 
FP3, / g = 3 / 2  U sin 2 Y  Z j C  cos E 
F,3? / g = 3 / 2  U COS~Y X fC COS E 

($1) 
(82 )  
(83 )  

Lntitude factors for each degree of Y are given in table 3 .  The 
column symbol in this tnble is Ywith annexed letter and digits corrc- 
sponding to those in the designation of the tidal forces. Thus, Yo30 
represe1,ts the latitude factor to be used with force F030, its valuo 
bcing q u a l  to the function (112-3/2 sin2Y). Taking the numerical 
value for the basic factor U from table I ,  the general coefficient 3 /2  U 
is fourid to be 0.8373 X IO-'. 

HORIZONTAL COMPONEN'IS OF FORCE 

80. The horizontal component of the principal part of the tide- 
producing force as expressed by formula ( 2 5 ) ,  page 14, is in the direc- 
tion of the azimuth of the tide-producing body. This component 
may be further resolved into a north-and-south and an east-and-west 
direction. In  the following discussion the south and west will be 
coiisidercd ns the positive directions for these componcnts. Now let  
Fs3 /g=soutli component of principal tide-producing force 
Pu3 /g=wcst component of princi a1 tide- roducing force 
A =azimuth of moon reckone ( P i  from t e south through the west. 
From formula ( 2 5 ) ,  we then have 
Fs3 Ig=3[2 (MIE)  ( ~ l d ) ~  sin 22 cos A (84) 
FU3 / g = 3 / 2  (hrl/E) ( ~ / d ) ~  sin 22 sin A (85) 

81. Referring to figure 3 ,  page 16, tlic angle P'PM equals A ,  the 
azimuth of the moon. Now, keeping in mind that the angle MPC 
is the supplement of A,  the angle PCM equals t ,  nnd the arcs MC and 
PC are the respective complements of D and Y ,  we may obtain from 
the spherical triangle MPC tlic following relations: 

sin z cos A=-cos I'sin D+sin Y cos D cos t (86) 
sin z sin A=cos D sin t (87) 

Multi lying each of the above equations by the value of cos z from 
formu P a ( 3 1 ) ,  the following equations may be derived: 

sin 22 cos A=2 sin 2 cos z cos A 
= 3 / 4  sin 2 Y  (21.3-2 sin2@ 
-cos 2Y sin 2 0  cos t + 112 sin 2 Y cos2D cos 2t 

sin 22 sin A = 2  sin z cos z sin A 
=sin Y sin 2 D  sin t 
+cos Y cos2D sin 2 t  

(86 

(89) 
82. Substitut,ing in (84) and (85) the quantities from equations (88) 

and (89), we havc 
Fa3 19 =9/8 ( M / E ) ( u / ~ ) ~  sin 2 Y  (213-2 sin2D) _ - _ _  _ _  - - Fa30 /g 

-312 (h l /E)  (u/o!)~ cos 2 Y  sin 2 0  cos t _ - - - - - - _ - - FS3, /g 
4-314 (M/E)(a!dj3 sin 2 Y  cos2D cos 2t  _ _  _ _ _  - - - _  - Fa32 Ig 

Fu3 / g = 3 / 2  (MIE)  ( ~ / d ) ~  sin Y sin 2 0  sin t _  - - - - - - - - _ - - FW3, /g 
(90) 

+ 3 / 2  (M/E)  (u/G!)~ cos Ycos2D sin 2 t -  - _ _ _ _  - - - _  _ _  Fw32 /g (91) 
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Thc south component is cxprcsscd by three tcrms representing rcspcc- 
tivcly the long-period, diurnal, and scmidiurnal constituents. For the 
west componcn t thcrc arc only two tcrms-the diurnal nnd semidiur- 
nal, tlicrc bcing no long-period constituents in the west component. 
Each tcrm has bccn marltcd scparatcly by a symbol with nnncxtvi 
digits analogous to those used for the vcrticnl component to indicatc 
tlic class to which tlic tcrm belongs. 

83. Comparing formula (90) for the south component with formula 
(32) for tlic vertical component, it will be notcd tliat tlic samc functions 
of 11 nnd t nrc involvcd in the corrc\sponding tcrms of both formulns, 
and that thc tcrms differ only in  tlicir numerical coefficient and tlic 
latitude fnctor. Allowing for t h o  diffcrcnccs, summnrizcd formdas 
analogous to tliosc givcn for tlic vertical componcnt (pngo 26) inny 
be readily forinc~l. In ordcr to climinntc tlic iicgntivc sign of tlic 
coefficient of the middlc tcrm, 180" will bc cipplicd to the argumcnts of 
that tcrm. 

(92) 
(93) 
(94) 

84. Comparing tlic two terms in formula (91) for the west com- 
poncrit with the corrcsponding tcrms in formuln (32) for tlic vertical 
component, i t  will bc notcd tliat the D functions nrc thc snmc but that 
in (91) the sinc replaces tlic cosinc for tlic. fulictions of t .  It may bo 
shown that thc corresponding dcvclopmcnt of thcsc tcrms will be 
the same as for thc vcrticnl componcnt osccpt tliat in  tlic developed 
series each argument will bc rcprcscntcd by its sinc instead of cosine. 
In  order that  the summarized formulas mny bc rsprcsscd in cosine 
functions, 90" will be subtrnctcd from each nrgumcnt. With tlic sninc. 
symbols ns before and allowing for diffcrciiccs in  tlic lutitudc fnctors, 
we obtain 

With id1 symbols as bcforc, wc tlicii liuvc 
FSM /g=9/8 U sin 21'2 JCcos 1; 
Fs31 /g=3/2 L T c 0 ~  2Z'ZJC COS (r('+1SO0) 
FbS2 /g=3/4 U sin 2 1'2 JG cos I!: 

FW31 /g=3/2 U sin Y j C  cos (E-90") (95) 
Fw32 / 9 = 3 / 3  77 COS 1' 2 .fC C O S  (E-90') (90) 

85. Formulns for tlic horizon tnl componcwt of t idc-prodiichg forcc 
in any givcn direction mny \)e dcrived ns  follows: Let A rqunl the 
azimuth (mcnsurcd from south tliroiigli wcst) of givcw dirwtion, nlid 
let FO3" / g ,  Fn3, / g ,  nnd F,132 /g, rcspwtivcly, rcpi-cwiit tlic lonp-pwiod, 
diiirnal, and scmidiurnnl tcrms of tlic componvnt in this tlircction. 
Tlic,n 

(97) 
(98) 
(9!)) 

As tlic long-period tcrm ]ins no w s t  compoiic\nt, the summnrizcd 
formuln for tlic nzimutli A mny bc tlcrivcvl by simply introciuciiip t 1iv 
fnctor cos A into the cocfficicnt of formula (02). For t l i c  diuriinl nnd 
scmidiurnnl twins i t  is noccssnry to corri1)jiio t Iic I ' O S O ~ V C ~  cl(~incii ts 
from tlir south nnd west compoiimts. 

86. Referring to formulns (93) to (96) and coiisitlcring n siriplc 
constituent in cncli spccics wc obtain tllc following: 

F m  Is= Fm IS X cos A 
FnS1 /g= F,31 lgX cos A+ Ftr31 /gXsin A 
FoJL /g=F,31 IgXcos A+F,,.3L /gXsin 11 
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Diurnal constituent, 
312 UjC [cos 2 Y cos A cos (E+ 180') +sin Y sin A cos (E-90')] 
=3/2 UjC (-cos 2Y cos A cos P+sin Y sin A sin E) 
=3/2 UfC Pi COS (E-Xi) (100) 

in which 
Pi= (cos2 2Y cos2 A+sin2 Y sin2 A)d 

sin Y sin A 
-COS 2 Y COS A XI= tan-' 

Scmidiurnal constit.ucnt, 
312 UjC [sin Y cos Y cos A cos EScos  Y sin A cos (E-90°)] 
=3/2 LYC cos Y (sin Y cos A cos E+sin A sin E)  
=3/2 UfC P2 COS (E--2) (103) 

in which 
P2=cos Y (sin2 Y cos2 A+sin2 Aji 

sin A 
sin Y cos A Xz= tan-' 

87. Summnrized formulas for the horizontal component of the 
tide-producing force in any direction A may now be written as follows: 

Fo30 /g=9/8 U sin 2 Y  cos A Z j C  cos E 

Fu32 /g=3/2 UP, Z fC COS (E-XZ) 

(106) 

(107) 

(108) 

the values for P, ,  P2, X1 and X2 being obtained by formulas in the 
preceding paragmph. P, nnd P2 nre to be taken as positive and the 
following t.nble will be found convenient in determining the proper 
qundrnnt for X ,  and X,.  

F a 3 1  /g=3/2 UP1 Z ~ C C O S  (E--,) 

' North latllude 
A 

For the XI quadrant the flrrt valuo of cach elr Is  rppllcsble when the latitudc does not exceed 46" north 
or south. Otiierwl~e thesecond vslue 18 nppl6nble. 

EQUILIBRIUM TlDE 

88. The equilibrium fheory of tlie tides ie a hypothesis under wbkh 
it  is assumed that tho waters covering tho face of tho earth instantly 
respond to the tide-producing forces of the moon and tho fiun and 
form a surface of equilibrium under tho action of t h e  forces, The 
theory disregards fricticln and inertia and the irragular distribution of 
the lnnd masses of the earth. Although the actual tidal movement 
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of nature does not even approximate to that which might be expected 
under the assumed conditions, the theory is of vnluo ns an nid in 
visualizing the distribution of the tidal forces over the surface of the 
earth. The theoretical tide formed under these oonditions is known 
as  the equilibrium t ide ,  and sometimes as the astronomical or grah$ta- 
tional tide. 

89. Under the equilibrium theory, tlie moon would tend to draw 
the earth into the shnpe of n prolnte spheroid with the lon est nxis 
in line with the moon, thus producing one high water direct !f y under 
the moon and another one on the opposite side of the enrth with a 
low water belt extending entirely around the earth in a great circle 
midway between tlie high wnter points. It may be shown matlie- 
matically, however, thnt the totnl effect of the moon at  its mean dis- 
tnnce would be to ruise the high wfiter points about 14 inches above 
the mean surface of tlie enrtli and depress the low water belt about 
7 inches below this surface. giving n mnsimum rnnge of tide of about 
21 inches. The corresponding rtrngc due to the sun is nborit 10 inches. 
Figures 5 and 6 illustriite on an exnggcrnted scale the theoretical 
disturbing effect of the moon on the earth. In  tlic first figure the 
moon is nssumed to be directly over the eqiintor antl in the lnst figure 
the moon is npproximntely n t  its greatest north declination. 

90. With tlie moon over the equator (fig. 5 ) ,  the rnnge of the equi- 
librium tide will be n t  a mnximum at the e uutor and diminish to 

waters of equnl rnnge with cuch rotntion of thc earth. With the 
moon north or south of the equator (fig. G), u declinntionnl inequnlity 
is introduced nnd the two high nnd low wrnters of the day for any given 
latitude would 110 longer be equnl except a t  the equator. This 
inequality would incrense with the latitude and near the poles only 
one high and low water would occur with encli rotntion of the enrth. 
Although latitude is nn importnnt factor in determining the range of 
the equilibrium tide, i t  is to be kept in mind thnt in the nctunl tide 
of nature the latitude of a place lins no direct effect upon the rise and 
fall of the water. 

91. A surfnce of equilibrium is n surface a t  every point of which the 
sum of the potentials of all the forces is a constant. On such a 
surface tlie rcmltnnt of all the forces n t  ench point must be in the 
directicn of the norinnl to the surface n t  that point. If the enrth 
were a homogeneous mass with gravity ns the only force acting, tlie 
surfnce of equilibrium would be that of n sphere. Each ndditional 
force will tend to disturb this spherical surface, and the total deformn- 
tion will be represented by the sum of the disturbances of each of the 
forces ncting sepnrntely. In the following investigation we need not 
be especially concerned with tlie more or less permanent deforma tion 
due to the centrifugnl force of the earth's rotation, since we may 
nssume that the disturbances of this spheriodal surface due to the 
titlnl forces will not difl'er mnterinlly from the disturbances in n true 
spliericnl surface due to the same cause. 

92. The potential nt nny point diie to a force is tlie amount of work 
that would be required to move a unit of matter from tbat point, 
against the action of the force, to a position where the force is zero. 
This amount of work will be independent of the path dong which 
the unit of mntter is moved. If the force being considered is the 
gravity of the earth the potential a t  any point will be the amount 

zero a t  the poles nnd n t  nny point tliere wil 3 be two high antl low 
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of work required to move a unit mass nguinst the force of gravity 
froni tlie point to an infinite distance from the earth’s center. For 
tlie tide-producing force, the potentinl at  any point will be measured 
by the amount of work necessnry to more the unit of mass to the 
enrtli’s center where this force is zero. 

93. Referring to formula (21) for the vrrticnl componcnt of the tide- 
producing force, if the unit y is rcplaccd by tlic unit p from equation 
( 15)’ the formula may bc writ tcn as follows : 

3ph4 3 p-31 F,=- d3 (cos’ .%‘-1/3)r+.~~r(5 cos3 z - 3  cos z ) ~ ’  (109) 

94. Considering scparatcly the tidc-producing potcntinl due to tho 
two tcrms in the above formula, lct the potcntinl for tlic first term 
involving tlic cube of thr moon’s distance bc reprcscntcd by Va and 
thc potential for the second term involving the 4th power of tho 
moon’s distance by V,. In  cnch cnsc the work rc uircd to move a unit 

the ccntrr of the cartli is tlic product of tho force by -dr,  and the 
potentinl or total work required to move the particle to the center of 
tho cwtli may be obtninccl by integrating bctwccn tlic limits r and  
zero. Thus 

mass against the forcc through an infinit,csimnl 4 istancc -dr toward 

v3=-3- 3 p M  (cos‘ z- I / 3 ) r r  dr 

(111) 

95. At any instant of timc the tidc-produciiip potcntial a t  diffcrcnt 
points on the earth’s surface will dcpcnd upon tlw zenith distnncc! ( 2 )  
of the moon and may be either positive or iicgativc. It will now be 
shown that the averngc tidc-producing potentinl for all points on tho 
earth’s siirfacc, assuming it to bc n splicre, is zcro. Assume a series 
of right conical surfaces with common apes a t  center of earth and axis 
coinciding with tlic lino joining ccntcrs of cnrtli nntl moon, the angle 
between the gencrating linc and the axis being z.  These conical 
surfaces scparatcd by infinitcsimal nnylc d a  will cut tlic surface of tho 
splierc into a series of equipotential rings, the surface nrea of any ring 
being e ual to a 2 a T* sin z dz. The nverage potential for the entire 
8 hcr i c i  surface may then be obtained b summing tho products of 

-;:(s -- - _ _  cos3 2-3  cos 2)r3 

tRe ring areas and corrcs onding potentia 9 s and dividing the sum by 
the total surface area of t P le splierc. Thus 

3pMr2 Averngo V,= --so (cos? i- 1 / 3 )  sin z dz 
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Average V , = q s r ( 5  cot? 2-3 cos z )  sii  z dz 
4 0  

-5/4 COS' ~ + 3 / 2  COS' z =O B 
96. Let V,  represent the potential due to gravity at  any point on 

avlty at any. point on or the earth's surface. Since the force of 

becomes 
above the earth's surface equals pE/13, t T e correspondmg potential 

If the earth is assumed to be a sphere with radius a, the gravitational 
potential at each point will equal pE/a, which ma be taken 88 the 

97. For a surface of e uilibrium under the combined action of 
gravity and that part of t x e tide-producing force involving the cube 
of the moon's distance the sum of the corresponding potentials must 
be a constant, and since the average tide-producing potential for the 
entire surface of the earth is zero (par. 95), the constant will be the 

ravitational potential or pE/u. Then from (110) and 

aveyage gravitational potential over the surface of t E e earth. 

average (114) W8 % aVe 

Transposing and omitting common factor p, we may obtain 

(T-u)a2 = 3/2 (MfE) (a/d) (cosz z - 1 /3) P 
Let 

T=a+h (117) 
so that h represents the hei ht  of the equilibrium surface as referred 
to the undisturbed spherica f surface of an equivalent sphere. Then 

h / ~ -  3 ( h / ~ ) ~ +  6 ( h / ~ ) ~ -  e tc. -?--=OB= (118) 
(T - a) a2 h* 

As fraction h/a is very small, its greatest value bein less than 
0.000001, the powers above the first may be neglected. lubstituting 
in (116) and writing h with subscript to identify it with the prin- 
cipal tide-producing force, we have 

/ ~ = 3 / 2  (MI@ (u/~)~(cos* 2- 1/3) (1 19) 

98. Similarly, for a surface .of equilibrium under the combined 
action of gravit and the part of the tide-producing force involving 
hhe 4th power o 9 the moon's distance, we have from (111) and (114) 
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-- - 1/2 ( M / E )  (a/d)'(5 C O S ~  2-3 COS Z )  (T - a)a3 
T' 

Letting r=a+h4 and expanding the first member of the above formuh, 
it becomes equal to h, /a  after the rejection of the higher powers of this 
small fraction. The formula may then be written 

(122) 

99. Formulas (119) and (122) involving the cube and 4th power of 
tho moon's parallax, respectively, reprcscnt the equilibrium heights 
pf the tide duo to the corresponding forces, the heights bein ex ressed 

these formillas the centrifugal force of the earth's rotation was dis- 
regarded and the resulting heights represent tho disturbances in a 
true spherical surface due to tho action of the tide-producin 
It may be inferred that in a condition of equilibrium tho tidn forces 
would produce like disturbances in the spheroidal surface of tho earth 
and the h of the formulas may thcrcfore bo taken as being referred to 
the earth's surface as defined by the mcaii level of the sea. 

100. Thc extreme limits of the equilibrium tide, applicable to the 
time when the tide-producing body is nearest the earth, may be 
obtained by substituting the pro er numerical values in formulas 

From formula (119) involving the cube of parallas- 
Greatest ,iso =1.46 foet for moon, or 0.57 foot for sun 
Lowest fall =0.73 foot for moon, or 0.28 foot for sun 
Extreme rangc=2.19 fcct for moon, or 0.85 foot for sun. 

h, / ~ = 1 / 2  (M/E)(a/d)4(5 cos3 2-3 COS Z )  

in respect to the mean radius (a) of the earth as the unit. f c f  n eriving 

7 force. 

(119) and (122). Thcy are given 1 eloiv for both moon and sun. 

(123) 
(124) 
(123) 

From formula (122) involving the 4th poii-er of parallas- 
Greatest rise (126) 
Lowest fall (127) 
Extreme rangc=0.052 foot for moon, or 0.00005 foot for sun. (128) 

101. A comparison of forniulas (23) and (119), the first cxprcssing 
tho relation of the vertical componcnt of the rincipal tide-producing 

the height of tho corresponding cquilibriuin tide to the mcan radius (a) 
s f  the earth, will show that thcy nre idcntical with the singlo exccp- 
t1or-1 that the coefficient of t ho  hcight fomiula is onc-hnlf that of. thc 
force formula. Therefore tho dcvclopnient of the form formula into 
9 series of harmonic constituents is immediately npplicnblc in obtain- 
1% similar expressions for the equilibrium height of the tide. Usmg a 
notation for tho liciglit terms corresponding to that used for the forco 

/a represent, respectively,. the long- 
Period, diurnal, and scmidiurnal terms of the equilibrium tlde involv- 
% the cube of the moon's parallax, Then referring to foil -11las (81) 
to (83) we may writo 

(129) 
(130) 
(131) 

the symbols having the same significanco as in the preceding discussion 
Of the tidal forces, 

=0.026 foot for moon, or 0.000025 foot for sun 
=0.026 foot for moon, or 0.000025 foot for sun 

force to thc accelcration of gravity (g) n i i d  t f ie other tho relation of 

let bo /a, SI /a, and 

& /a=3/4 U(1/2-3/2 sin2 Y) B fc cos E 
h a ,  /u=3/4 U sin 2Y Z j C c o s  E 

/a=3/4 U C O S ~  Y L: ~ C C O S  E 
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TERMS INVOLVING 4TH P O W F R  OF MOON'S PARALLAX 

102. Formulns (24) nnd (26)  rcprcscnt t hc vcrticnl and liorizontnl 
componcnts of tlic part of the tidc-producing forcc involving tlic 4th 
power of the moon's pnrnllax. This part of thc forcc constitutcs 
only nhout 2 percent of tlic totnl tide-producing forcc of the moon 
and for brevity will be cnllcd the lesser forcn to distinguish i t  from tlic 
principal or prinit~ry pnrt involving tlic! cube of tho pnrallax. Thc 
vertical componcnt Fe4 /g has its maximum vduc wlicn z cquals zcro 
and, if numwical vnlucs pcrtnining to the moon nricl sun when ncarest 
thc cartli arc subslitutcd in formula (24), thc caxtrcme valucs for this 
componcnt arc found to bc 0.37X 
for the sun. The horizontnl coniponcnt F,,4 /g has its grcatrst value 
when z c uals about 31.09' and tlic substitution of ~iumericul vducs 

0.26X 
103. Substituting in (24) thc vnluc of cos z from (31), tlic vertical 

component of the lesser forcc is cxpandcd into four tcrnis t is follows: 
FV4 /g= 1514 (k?/E) (u/d)' sin Y(cos' J'-2/5) sin D(5 cos2 0 - 2 ) -  F,, /g  

for tlic moon and 0.3SX 

in formu 1 a (2G) givcs tlic cstrcrne value of this coinponc~iit as 
for thc moon or 0.24X lo-" for thc sun. 

+45/8 (M/E) (u/~)"cos I'(~os~1'-4/5) C O S D ( ~ C O S ~ D - ~ )   COS^ F,,, /g  
$45/4 (J4fE) (a/d)' sin I' cos' J' sin D cos2 D cos 2t.. - - - _ _  - y o 4 2  /g + 15/8 (.../E) (aid)' cos3 1'  COS^ D COS 3 t -  - - - - - - - - _ _  - _ _  - - - Fr43 /g 

(132) 
These four terms rcprcscnt, respectively, long-period, diurnal, scmi- 
diurnal, and terdiurnal constituents, according to the multiple of the 
hour angle t involved in the term. Each term is followed by a symbol 
which is analogous to those used in tlic dcvclopment of the principal 
forcc. 

104. Each term in formula (132) may be further rspnndcd by mcans 
of the rclntions given in formulas (39) and (42). Expressing thcsc 
terms sepnrately ivi' have- 

F,,o ig= 15/4 (M/E)  (n/d)' sin Y(cos2 I'--2/5) x 
[3(sin 1-5/4 sin3 I) cos 0'-90") 

F,,, /g=4S/S (..V/E) (a/d)' cos J' (cos2 I.'-41.5) X 
+5/4 sin3 I cos (3j-9Oo)] (133) 

[5/4 sin? I cos2 31 cos (X-3j) + (1 - 10 sin2 $I-!- 15 sin4 + I )  cos2 4 1  cos ( X - j )  
+(1-10 cos' $I+lci COS' $I )  sin2 ; I  cos (X+j) 
+5/4 sin2 I sinZ $1 cos (Xf3j)l (134) 

Fo,2 / ~ = 4 5 / 8  (M/E)(a/d) '  sin Y cos' YX 
[sin I cos' +I cos (2X-33j-I-90') 
f 8  (cos' ;1-2/:3) sin I cos' 41 cos (2X-j-90') 
t 3  (cos' 31-113) sin I sin' $1 cos (2S+j-90°) 
+sin I sin' $1 cos (2X+3j-90°)l (135) 

Fr43 /g=I5/8 (J~/E)(u, /~) '  cos3 YX 
\cos6 $1 cos CLY-3j3j) 

+sinC : I  cos CXY+3j)) (136) 
105. If the common fnctor (ald)' in foimulns (133) to (136) is 

rcplaccd by its cquivalcnt ( ~ / c ) ~ X  ( ~ / d ) ~ ,  thcsc formulas may bc de- 

+ 3  cos' $1 sin2 $I  cos (3X-j) 
+ 3  cos' $1 sin' $1 cos ( 3 X f j )  
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vclopccl into niiincrous constiturnt tcrms by n inctliod siinilnr t.0 tlin t 
nlrcndy c\csc,ribctl in thc dcvclo mcwt of t,hc priiicipal lunar forcc! 

vary srnnll magiiitutlc tirc oniittcd. 'J'liosc given nrc numbcrcd con- 
scc~itivcly ivith tI1c consiitutmt tcrms of tlic principal lunnr force. 

(pnwgrciplis 5O-( iO) .  In tlic fol f owiiig dcvclopincnt constituents of 

F,,, /g= 15!4 (MjEj (ci/c)'  sin Y (cos' Z'-2/5) X 
(U 
( i l , , , ,  t - 9 e  cos ( L ' ~ - p - - 0 0 ~ - ( )  
(4J +3e cos (p-90°-[)} 
(&i; +sin3 Ii5/4(1-Ge2) cos (3s-9Oo-3€) 
(4,) +25/4 e cos (4s--p-9Oo-3[)}] (137) 

(-,10.3) [sin' I cos2 .:-I{ 5/4(1-6e') cos (T-3s+h+3[-v) 
(A701 +25/4 e cos (T-4s+h+p+3E-v)} 

+ (1- 10 sin' +I+ 15 sin' 4.1) cos' +I 
(A711 
M 7 ? )  +3e cos ( T - 2 s f h S p f E - v )  
M 7 3 )  +e cos (T+h-p++-v)}  

(A711 { ( l f 2 e ' )  cos (T+s+h-(-v) 

[(sin 1-5/4 sin:' I ) { 3 ( l + 2 e 2 )  cos (s-90"-€) 

Ft41 /y=4 5/8 (Al /E)  (n/c)' COS I' (COS' 1'-4/5) X 

{ (1+2e2) cos ( T - s + h + € - v ) - - - - - - - - - -  [MI] 

+ ( 1  - 10 cos' +.I+ 15 cos4 31) sin2 31 

(A7d +3e cos (T+2s+h-p-E-v)}] (138) 

F,m12 /g=45/5 ( A ~ / E ) ( u / c ) ~  sin Y cos2 Y X 
( 4 6 )  

( 4 4 7 7 )  +5e cos (2T-4s+2h+p+90°+3€-2v) 
(A781 +e cos (2T-2s+2h-p-90°+3~-2v)}  

+ (cos' 41-2/3)  sin I cos' 3 1  
(A791 { 3 ( 1  +2e2) cos (2T-s+2h-9O0+~-2v) 

+ (cos' .; I -  1 / 3 )  sin I sin2 31 

[sin I cos4 j - Z {  ( l -6e2 )  cos (2T-3s+2h+90°+3[-2v) 

(A,) +Or COS (2T-2s+2h+p-90°+f--2~)} 

(4,) {3(1+2t ' )  COS ( 2 T + ~ + 2 h - 9 0 ~ - [ - ' 2 ~ ) } ]  (139) 

( 4 2 )  

F,,, /s= 15/8 (114/E) (u/c)'  cos3 Yx  
[COS' + I{ ( I - -W)  C O S  (3T--3s+3h+3€-3~)-----  Ma 

( 4 3 )  + 5 e  cos (3T-4s+3h+p+3€-3v) 
(As,) 

( 4 6 )  +is18 i i i ~  cos (:3T-4~+5h-p+3[-3v)} 

+ e cos (3 7'- 3s + 3 h - p -I - 1 80 O + 3 &' - 3 v )  
( 4 5 )  $- 12718 e' COS ( 3 T - 5 ~ + 3 1 ~ + 2 p + 3 [ - 3 ~ )  

+cos" +I sin? 4 I 
(4;) { 3 ( 1 + 2 ~ ' )  C O S  ( 8 ' 1 ' - ~ + 3 h + ~ - 3 ~ )  
( 4 8 )  +De COS (3  7'- 2 ~ 4 -  3h +p+ 5- 3v) } J (140) 

106. All of t.lie constituent terms in formulns (137)  to (140) nre 
relatively unimportmt but  they tire listcd in tnble 1 bccnuse of their 

The only onc of tlicse tcrms now ~isocl in the 
prediction of tides is (Ag2)  represcnt.ing thc constituent M3 which litis 
Q speed exactly tlirec-linlvcs tliii t of the principal 111nn1- constituent 
Mz. Term (A,,)  is of intcrcst in having n speed exactly oiic-linlf tlint 
of . M 2  and is sometimes cnlletl tlic true M~ to t~istingiiisti it fi-oni tlic 
composite M1 which is used in the prediction of titles 1t t i (1  n-liicli will 
be (lescribed later. 

intcrcst. 
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107. For simplicity nnd the purposes of this publication, the mean 
values of the obliquity fnctors in the terms of the lesser tide-producing 
force will be tnlien ns the vnlues perthining to the time when I equals 
w or 23.452', excepting that for constituent M, and associated terms 
the mean has been obtained in accord with the system described in 
parngrnph 75. The corres onding node factors (paragraph 77) may 

are the accepted menns of the obliquity factors: 
then be expressed by the fol P owing formulas in which the denominators 

f (ABI)  tof(ABB)= (sin 1-5/4 sin31)/0.3192 (141) 

f (AO7) to j (ABS)  =sin31/0.0630 (142) 

f(A,,) to j(A7,,) =sin21 cos2+I/0.1518 (143) 

f(A;,) to j(AiO) = (1 - 10 sin2$I+ 15 sin'4I) cos2$I/0.5873 (144) 

f (A7, )  to j (Ai5)  = (1 - 10 cos24I+ 15 ~09'41) sin241/0.2147 (145) 

f(A,,J to f (A,J  =sin I cos4$I/0.3658 (146) 

f (A7J to j (Am)  = (cos2$I-2/3) sin I cos2$I/0.1 114 (147) 

f(A83 = (cos*$I- 113) sin I sin2~I/0.0103 (148) 

j(A82) to J(AsJ =j(&fJ =cosG4I/O.8768 (149) 

f (A,;)  to j(&) =coa4$I sin231/0.0380 (150) 

Compnring formulas (149) and (78), it will be noted that the node 
fnctor for Ail, is equal to the node fnctor for M2 raised to the 312 
power. Computed vnlues applicable to terms AS2 to As,, are included 
in tnble 14 for years 1850 to 1999, inclusive. 

108. For the tabulated constituent coefficients of the terms in 
formulas (137) to (140) there are included not only the elliptic and 
mean obliquity fnctors but also such other fnctors as may be necessary 
to permit the use of the general coefficient (312 v) of formulas (81) 
to (83) for the rerticnl component of the principal tide-producing 
force. The common coefficient ( A I / l E )  (a/c)' of formulas (137) to 
(140) is equnl to U multiplied by the parallax a/c, and the latter 
together with the necessary numerical factors is included in the 
constituent coefficients in table 2. Formulas (137) to (140) may 
then be summarized as follows: 

F,,o /g=3/2 G sin P(cos2Y-2/5) 2 j C  cos E 

FFdl /g=3/2 U COS Y(c0s2Y-44/5) Z j C  COS E 

Fod2 /g=3/2 U sin Y cos2Y Z j C  cos E 

Fod3 /9=3/2 U COS~Y 2 j C  COS E 

(151) 

(152) 

(153) 

(154) 
109. It is to be noted that in formulas (1511, (152), and (153), the 

maximum value of the latitude factor in each is less than unity, being 
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0.4, 0.2754, and 0.3849, respectively, if the sign of the function is 
disregarded. In formula (154), as in the corresponding formulas for 
the principal tide-producing force, the maximum value of this factor 
1s unity. In com aring the relative importance of the various cqn- 
stituents of the ti f e-producing force the latitude factor should be 111- 
cluded with the mean coefficient. Attention is also called to the fact 
that the relative importance of the constituents involving the 4th 
power of the moon's parallax is greater in respect to the vertical com- 
ponent of tho tide-producing force than in res ect to the hei ht  of the 

parable in respect to the vertical component of the tide-producing 
force and the constituent coefficients pertainin to the lesser force aro 

110. The south and west horizontal com onents of the lesser tide- 

Using the same system of notation as 

(155) 
(156) 

equilibrium tide. In  table 2 the mean COB & cients are ta a en com- 

therefore 50 percent eater than they would f e if taken comparable 

Producing force may be obtained by multip P ying formula (26) by cos 

respect to the equ' f ibrium tide. 

A and sin A, respectively. 
before, we then have 
F84 /g=3/2 ( M / E ) ( ~ / d ) ' s i n  2 (5 COS' 2-1) COS A 
Fu, /g=3/2 (M/E)(~/d) ' s in  z (5 COS' 2-1) sin A 

111. By means of the relations expressed in formulas (31), (86), 
and (87), the above component forces ma bo separated into long- 

South component, 
/g= -15/4 ( M / E )  (44' cos Y(cos2Y-4/5) sin D(5 cos2D-2) (157) 

F,41 /g=45/8 ( M / E )  (u/4' sin Y(cos2Y-4/15) cos D(5 COS'D-4) cos t 
(158) 

F,, /g=-45/4 ( M / E )  (44' cos Y(cos2Y-2/3) sin D cos2D cos 2t (159) 
Fa, /g= 15/8 (M/E) (44' sin Y COS'Y COS~D COS 31 (160) 
West component, 
Fal /g=15/8 (M/E)  (~/d)~(cos~Y-4/5) cos D(5 c0s~D-4) sin t 
Fw2 /g=15/4 (A!f/E)(u/d)' sin 2Y sin D cos2D sin 2t  
Fw /g= 15/8 ( M / E )  (u/G?)' COS'Y COS*D &I 3t 

Period, diurnal, semidiurnal, and terdiurn fif terms as follows: 

(161) 
(162) 
(163) 

112. Corn aring formulas (157) to (160) for the south com onent 

ponent, it will be noted that they differ onl in the latitude factors 
and in si n for two of the terms. With a d justments for these dif- 
ferences t i e  summarized formulas (151) to (154) are directly applicable 
for expressing the corresponding terms in the south component. 
Thus 

force with &e corresponding terms of (132) for the vertica P com- 

F I N  /g=3/2 U COS Y(c0s2Y-4/5) Z j C  cos(E+180°) 
F,,, /g=3/2 U sin Y(cos2Y-44/15) ZfC cos E 

Fads /g=3/2 U sin Y cos2Y Z j C  cos E 

(164) 
(165) 

(167) 
F,, /g=3/2 U COS Y(cosZY-22/3) Z j C  COs(E+18Oo) (166) 

113. Fcjr the west component there is no long-period term. Com- 
garmg (161) to (163) with the corresponding terms of (132), it *will 

e noted that the t-functions are expressed as sines instead of coslnes 
bu t  they may be changed to the latter by subtracting 90° from each 
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areument. With this change and nllowing for differences in the 
lntitude factors and nurne$col coefficients, the summarized forniulns 
for the west corn onent wrll be aimilar lo  those for tlie verticnl com- 
ponent and may e written as follows: 

(1 68) 
(169) 
(170) 

114. To obtain the horizontal corn onont of the lesser forcc in any 

With the snme 

Fu41 /8=1/2 u (cos2Y-4/5) xjc cos (E-90") 
FKA; /g=1/2 U sin 2Y E fC COS (E-90") 
Fda / ~ = 3 / 2  U COS'Y Z j C  COS (E-90") 

direction, the same proccdurc may % e followed as WQS used for tho 
principal tidc-producing force (paragraphs 85 to 87). 
syatom of notat,ion we then have 

Fa,o /g=3/2 U COS Y(c0s2Y-44/6) COS A 2jCcos  (E+ 180O) (171) 
(172) 
(173) 
(174) 

Fa41 /g=3/2 U Pi Z j C  COS (E-XI) 
Fa42 /g=3/2 U Pz C j C  COS (E-Xt) 
Fad3 /g=3/2 U P, Z j C  COS (E-XX,) 

P2=cos Y[(co~~Y-2/3)~ cos2A+4/9 sin2Y sin2A]bs 
P, = cos2 Y (sin2 Y cos2A + sin2A) $* 

in which 
P, = [sin2Y(cos2 Y- 4/15y cos2A+ 119 (c0s~P-4/5)~ sin2A])* (175) 

(176) 
(177) 

(cos2Y-4/5) sin A 
xl= tnn-'3 sin -A ' 

2 sin I'sin A 
x2=tan-1-3(coszY-2/3) cos A 

sin A Xn= tnn-lsin cos A 
The propcr quadrants for XI, X;,  and X3 will be tlcterminctl by tlic 
signs of tlic numerators and drnominntors in tlic nbovc exprcssions, 
these signs being respectivcly the samc as for tlic sinc and cosine of 
tlic corresponding angles. 

115. Compnring formula (122) for thc cquilibrium lic$&t of tlic 
tidc duc to tlie lcsscr tide-producing forccs n-itli formuln (24) for tlic 
vertical componcnt of tlic force, i t  will bc notcd that tlicy nrc tlic 
snmc with tlic exception tliat tlic Iiumcricnl cocflicicnt of tlic former 
is onc-third tlint of the lnttcr. With this clinnge, tlic summnrizrtl 
formulns (151) to (164) for tlic vcrticnl form may bo uscd to csprcss 
thc corrcsponding equilibrium liciglits. Following tlic sniiic system 
of notation as before, wc liavc 

(181) 
(182) 
(183) 
(184) 

It is to be notccl thnt the cquilibrium liriglit of tlic tidc rluc to tlic 
principnl ticlc-producing forcr d i c n  mcnsurccl by tlic mcnn rndius of 
tlic enrth ns n unit is oiw-ldf ns prcnt ns tlic corrcsponding vcrticnl 
component forcc rcfcrrcd to tlic mcnn nccclcrntion of grnvity ns  n 
unit, wliilc tlic equilibrium liciglit (Inc to the Icsscr tidc producing 
forcc similnrly cxprcssed is only onc-third ns prcnt ns tlic corrcspo~iding 
forcc. In tnblc 2 ,  tlic cocfficicnts (C') of tlic constitucnts dcrivcd 

h,, /a= 112 U sin 17(c0s2Y-2/5) S .fC cos l? 
h41 /n=1/2 U COS Z ' ( C O S ~ ~ ' - ~ / ~ )  S j C  COS E 
I t4> /a=1/.2 Cl sin P coS2ZT X-fC cos E 
h4a /a= 112 U COS~I' Z fC COS E 
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from tlic lcsscr force arc made cornparable with the others in rcspect 
to the vertical component force rather than in respect to the cqul- 
librium hcigh t . 

SOLAR TIDES 

116. Since tlic tide-producing force of the sun is similar in action 
to that of the moon, the formulas dcrivcd for the latter arc ap licable, 

(62), (63), and (64), let U bc replaced by U, representing the product 
@/E)  ( c s / c , ) ~  in which S is thcmass of tlic sun and (a&,) its mean parallax. 
Also replace e by e,, the eccentricity of t,he earth's orbit; I by w ,  the 
obliquity of the ecliptic; s by h, the mean longitude of the sun; and 
P by p , ,  the longitude of the solar perigee. For the solar forces the 
arcs F and v become zero and all tcrms representing the evoctional 
and variational inequalities arc omitted. 

117. Making the changes indicated the solar constituents are now 
expressed in tho following formulas. Each term is marked for iden- 
tlfication by the letter B with the same subscript used for tho corre- 
8 onding term in the lunar tide. The usual constituent symbol is 

notation as before, 

@I) 
(B2) $3 el cos (h-pJ 
(B3) +9/2 eZ1 cos (2h-2pl)} 
(Be) 
(Bd +7/2 e, cos (3ib-pl) 
(Bd 

with suitable substitutions, to the solar forces. Referring to P ormulas 

a P SO given for the more important terms. Using the same system of 

Solar FtS0 /g =3/2 Ul (1/2-3/2 sin2 y) X 
[(2/3-sin2 w ) {  (1+3/2 e',) ______-__permanent  term 

+sin2 w {  (1-5/2 e") cos 2h _ _ _ _  - _ _ _  _ _ _ _  - - _ _  _ Ssa 

+ 1/2 el cos (h+p ,+  l8O") 
($1 +17/2 e', cos (4h-22pl)}] (185) 

Solar Fo31 /g=3/2 Ul sin 2 Y X  
( B d  
@Id 
(BIB) +1/2 el cos (T--y1-9O0) 
(B1d +17/2 e2, cos (T-3h+2pl+9o0)} 
(B22) 
( B d  +3/4 e, cos (T+pl-900) 
(B24)  

(BZJ +9/8 eZ1 cos (T-h+2yl-90') 
(B2d +9/8 e', cos (T+3h-2p,-9o0)} 

+sin sinZ +7  t 2 el cos (T+4h-p1-900) 
(&I) 
(B32) 
(B33) +1/2 el cos (T+2h+p1+900) 
(B34) +17/2 eZ1 cos (T+5h-2pl-90°)}] (186) 

[sin w cos2 + w {  (1-5/2 e?,) cos (T-h+90") -__- -  PI 
+7/2 e, cos (T-2h+p1+9o0) _ _ _ _ _ _  _ _  TI 

+sin 2 w {  (1/2+3/4 eZ1) cos ( T + h - Q O 0 ) _ - - - _ - -  [KJ 

+3/4 el cos (T+2h-pl-900) _ _ _ _ _ _ _ _  $1 

U {  (1-55:2 e',) cos (T+3h-90°)_-- 41 

Solar FoS2 /g=3/2 Ul cos2 Y X  
(B3(0 [cos' $A{ (1-5/2 eZl) cos (2T) _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  S, 
(B4d +7/2 el cos (2T-h+p1) _ _ _ _ - - _ _ _ _ - _ _  TZ 
(B41) +1/2 el cos (2T+h--pl+1800) _ _ _ _ _ - _  R1 
( 8 4 2 )  +17/2 ezl cos (2T-2h+2pl)} 
(B47) +sinZ w {  (1/2+3/4 e',) cos (2Tf2h)  _ _ _ _ _ _ _ _ _ -  [Kzl 
(B4d +3/4 el cos (2T+h+pl) 
(B4d $314 e, cos (2T+3h--pl) 

(Ff,rmula contlnned on next page) 
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(BMJ 
(BSJ +9/8 eZ1 cos ( 2 ~ + 4 f - - 2 p ~ ) j  
(&e) 
(BSJ +7/2 el cos (2T+5h-p1) 

+1/2 e, cos (2T+3h+pl+1800) 
(187) 

( B d  
(BbJ +17/2 cos (2T+6h--2pl))] 

118, The general coefficient for the solar tide-producing force 
differs from that of the lunar force in the basic factor. From the 
fundamental data in table 1 ,  the ratio of Ul/U is found to be 0.4602. 
This ratio, which will be desi nated as the solar factor with symbol S', 

lunar tide-producin forces, In computing tho constituent coefficients 

order that the same general coefficient may be ap licable to both 

coefficients and arguments of table 2 are therefore apphcable to 0th 
lunar and solar constituents. For the solar constituents, howevfr, 
the node factor Cj) is always unity since o, the obliquity of the ecliptx, 
may be considered as a constant. 

119. By substituting solar elements in formulas (137) to (140) the 
corresponding solar constituents ertaining to the 4th power of the 
sun's parallax are readily obtainel, Since the theoretical magnitude 
of the lesser solar tide-producing force is less than 0.00002 art of the 

altogether. However, certam mterest 18 attached to three of the 
constituents which are considered in connection with shallow water 
and meteorological tides (p. 46). These are constituents Sa, SI, and 
Sa, corres onding respectively to terms AB(, AT1, and AB* of the lunar 
series. *hey are listed in table 2 with reference letter B and cor- 
responding subscripts. Sa has a speed one-half that of constituent 
Ssa represented by term Bo of formula (185). Its theoretical a r p -  
ment aa derived from term A64 contains the constant 90'! but bemg 
considered as a meteorological rather than an astronomical consti- 
tuent, this constant is omitted from the argument. Constituents SI 
and Sa have speeds respectively one-half and three-halves that of the 
principal solar constituent Ss. 

120. The arguments of a number of the, solar constituents include 
the element p ,  which represents the longitude of the solar pori ee. 
As this changes less than 3 O  in a century, it may be consideref as 
practically constant for the entire century. Referring to table 4 it 
wil l  be noted that p ,  changes from 281.22' in 1900 to 282.94' in 2000. 
The value of 282O may therefore be adopted without material error 
for all work relating to the present century. With taken as a 
constant, it  will be found that a number of terms m ta le 2 have the 
same speeds and may therefore be expected to merge into single 
constituents. Thus, constituents receiving contributions from more 
than one term are a6 follows: Sa from terms B2, B,, and Bed; Ssa 
from terms Ba and B6; P1 from terms BI4 and B26; S1 from terms Bla, 
B23, and I?,]; from terms and Baa; th from terms B-2, and Bal; 
SI from terms Bd9 and B,; and R2 from terms B4, and B18. A few 
other solar terms also merge. 

+9/8 e2] cos (22'4-2 I) 

+sin' +w{ (1-5/2 eZl)  cos (2T+4h) 

represents the theoret.ica1 re s ation between the principal solar, and 

of the solar terms P or use in table 2, the solar factor yas included in 

lunar and solar terms, All of the summarized form up ss,involvin the % 

total tide-producing force of-mqon and eun, it is usually (t! isregarded 
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T H E  MI TIDE 

121. The separation of constituents from each other by the rocess 
of the analysis depends upon the differences in their speeds. dbnstit- 
uents with nearly equal speeds are not readily separated unless the 
analysis covers a very long series of observat,ions but they tend to 
merge and form a single composite constituent. In  formula (63), 
terms Ale and Az3 have nearly equal s eeds, one being a little less and the 

constituent M2. These two terms are usually considered as a sin le 

terms may be mitten as follows: 

other a little greater than one-ha1 P the speed of the principal lunar 

constituent and re resented by the symbol h1. Neglecting for t B o 
present the genera P coefficient and common latitude factor, the two 

term AIe=l/2 e sin I cos2 $1 cos (T-s+h-p-90°+2[-v) (188) 

term A23=3/2 e sin I cos I cos (T-s+h+p-90°--v) (189) 

The latter term, having a coefficient near1 three times as great as 

Inequalities in the coefficient and argument. 

of terms Alo and A23 and let 

that of the first term, will redominate an d determine the speed and 
period of the composite ti i e while the first term introduces certain 

122. For brevity, let A and B represent the respective coefficients 

8=T-s+h+p-90°-v (190) 

Also let P equal the mean longitude of the lunrtr perigee reckoned from 
the lunar intersection. Thcn 

p = P + t  
We then have 

term AIe=A cos (8-2P) 
= A  cos 2 P  cos e+A sin 2P sin 0 

term A2,=B cos e (193) 
Ml=AIe+A23=(A cos W+Bj cos e+A sin 2P sin e 

(194) 

= (A2+2AB COS 2P+B2)4 cos 

== e sin I cos 3 
Q. 'cos (T- s + h + p - 90' - v- Qu) 

in which 
I ] *  (195) 1 I&.= [ 114 + 312  cos 2 P + 914 -I COS' 3 cos I 

sin 2 P 
3 cos I/cos2 $I+cos 2 P  Qu= tan-' 

If I is ivcn its mean value corresponding to w ,  formula (195) may be 
reduce: to the form 

vttlucs of lo Q. for each degree of P based upon formula (197) are 
given in tab P e 9. 

1/Qa=(2.310+1.435 COS 2P)+  (197) 
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123. The period of thc composite constituent Ml is very nearly an 
axact multiple of the period of the principal lunar constituent M2, 
and for this reason the summations which are necessary for the 
anal sis of the latter may be conveniently adapted to the analysis of 
the 9 ormer. With other symbols as before, let 

8= T-s+h-90°+l- Y (198) 

Terms Ale and A23 may then be combined RS follows: 

tcrm A16=A cos (e- P) 

tcrm A3=B cos @ + P )  

M1=A1e+Az3= (A+B) cos P cos e+ (A-23) sin P sin 8 

= A  cos P cos 8+A sin P sin 0 

= B cos P cos 8- B sin P sin 0 

(199) 

(200) 

=(A2+2AB cos 2P+B2)+ cos p - t a n - l ( s t m  P ) ]  

- - e sin ' CoS*4'cos(T-s+h-900+E-p+&) (201) 
Qa 

in which 
tan P )  5 cos I-1 

7 cos 1+1 
&=tan-' 

If I is given its mean value corresponding to W, formula (202) may 
be reduced to the following form which WRS used for computing the 
values of Q in table 10. 

tan Q=0.483 tan P (203) 
124. Formulas (194) and (201) are thc same except in the method 

of representing the argument. The elements + p  -Qu in the first 
formula are replaced by +€+Q in the latter, but it may be shown 
from (196) and (202) that 

Qu+ & = P = P - €  (204) 

p-QU=E+Q (205) 
The complete arguments arc therefore equal but ill formula (201) 
the uniformly varying element p has becn transferred from tho V 
of the argument and included in the value of Q whcrc it is treated 
RS a constant for a series of observations being analyzed. The s ccd 
of the argument as detcrmincd by theremaining part of the 5 is 
then exactly one-half that of the principal constituent M2 and with 
this assumption the summations for the latter may bc adaptcd to thc 
analysis of the formcr. It is to be noted, however, that thc u in 
this case has R progressive forward changc of nearly 41' each car. 
'The true average speed of this constituent is determined by t 9 le V 
.of formula (194) which includes the elcment p .  

125. Thc obliquity factor for the compositc M, constituent may bc 
expresscd by the formula sin I cos2 I X  1/Q8. According to the work of 
Darwin (Scientific Papers by Sir i3 eorge H. Darwin, vol. 1,  p. 39) the 
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lltrntl vnluc of this factor is represented by the product sin w cos2 3 o 
Cos4 J i X  42.307, which equnls 0.3800X 1.52, or 0.5776. When 
dcriving tlic nodc-fnctor formuln for M,, Darwin inndvcrtcntlv omitted 
tlic fnctor ,533 nnd obtnincd tlic approximate equivaleit of tlic 
following: 

sin I cos'+Z sin I cos*+ I 
*'("~) =sin u cos.24. o cos~+i 'IQa= 0.3800 

Compnriiig tlw nbovc with formula (75), i t  will bo 
J ( M I ) = J ( O ~ )  X 1/Qa 

noted that 
(207) 

Factors pcrtnining to constitucnt M1 in tables 13 and 14 arc based 

126. Bccnusc of tlic omission of tlic factor ~'2 .307  from formula 
(206), tlir node fnctors for M, wliich liavc been in gcwral usc since 
tliis systcin of tidnl ycductions wns ndoptcd nrc about 50 pcrccnt 
grcnter tllnn wns oripinnlly intcndcd, wliilr tlic rcciprocnl rcduction 
fnctors nrc correspondingly too sniiill. This constiturnt is rclativcly 
unimport ant nnd no prnctical difficulties liavc rcsultcd from the ornis- 
sion. Tlic M, nmplitudcs ns reduced froni the obscrvntionnl dnta arc 
coinpnrnblc ninong thcmsolves but sliould be incrrnscd by 50 perccn t 
to be on tlic snnir bnsis ns tlic amplitudca*of other constjtpcnts. Tlic 
prctlictcd titles hnvc not heen nffcctcd 111 tlic least since the node 
fnc tors nnd rcduction fnctors are reciprocal and compensating. The 
thcoroticnl mcnn coc#iciynt for this constituent with thr fnctor 2.307 

for iisc with tlic. tabulnr node fnctors when com,puting tidal forces or 
tllc equilibrium liciglit of tlic tide, tlie coefficient 0.0209 with the 
factor 42.307 excluded sliould be used. 

127. Although M, is one of the rrlntivelg tinimportant constituents 
and the exor  i n  the node fnctor has caused no scrious difficulties, it 
mny bo questionable wliatlicr i t  should be perpctuatrd. I t  is obvious, 
1iowevcy, that any change in the present procedurc would lead to much 
co~~fusion unless undcrtakcn by gcncral agrccinent among nll the 
Principal organizations enga cd in tidal work. By making.any cliange 
aPplicnblc to tlie nnnlysis o nll series of observations be inning after 
a ccrtnin spccificd dnte i t  would be possiblc to interpret t ic results on 
t!ic bnsis of the period covered b the observations without tlic.necc-s- 
slty of revising nll previously pub 3 ished amplitudes for this constituent. 

upon tlic nbovc formulas. - 

mcludcd is 0.0317; but in order that this coefficient may be n i- aptcd 

P F 

THE Li TIDE 

128. The composite L2 constituent is formed by combining terms 
Neglecting thc general coefficient and 

term All=1/2 e cos' 31 cos (2T-~+2h--p+180~+2~-2v)  (208) 

(209) 
A rrfcrcncc to table 2 will show that tlie mean coefficient of tlic first, 
tPrnl is about four times as great as that of tlic latter term. Thc first 

A,, n n d  A4@.of formula (64). 
Common latitude fnctor these terms may be written 

term A4,=3/4 e sin2 I cos (2T-s+2h+p--v) 
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term will therefore predominate and determine the speed of the 
composite constituent. 

129. With other symbols as before, let A and B represent the 
respective coefficients of the two terms and e the argument of the 
first term. We then have 

A a = A  COS e (210) 
A4s=B COS (e+2P-i80°)=-B COS (e+2P) (211) 
L~=A,~+A,~= (A-B COS 223) COS e+B sin 2~ sin e 

=(A2-2AB cos 2P+B2)+ cos 

=1/2 e*Icos ( 2 T - s + 2 h - p + l 8 O 0 + 2 ~ - 2 v - ~ )  (212) R, 
in which 

l/R,=(1-12 tan2 31 cos 223-l-36 tan'3Q: (2 13) 
sin 2 P  

1/6 Cot2 +I-COS 2 P  R= tan-' 

Values of log Ra and R 
in tables 7 and 8, 

from the above formulas are given 

L2 constituent ma be 

approximately unity, and in accord with the Darwinitln system the 
mean for the entire obliquity factor is taken as the product COS* 
3 o COS' +i, which equals 0.9164 and is the same as the mean value of 
the obliquity factor for the principal constituent MZ. Multiplying 
this by the elliptic factor +e gives 0.0251 as the mean constituent 
coefficient. 

131. The node factor formula for constituent L2 based upon the 
above mean for the obliquity factor is as follows: 

, 

The mean value of I/&, is 

Node factors for constituent L2 based upon the above formula are 
included in table 14 for the middle of each year from 1850 to 1999, 
inclusive. The logarithms of the reciprocal reduction factors covering 
the period 1900 to 2000 are contained in table 13. 

LUNISOLAR EI AND IC, TIDES 

132. Lunar diurnal term of formula (63) and solar diurnal 
term B2, of formula (186) have the same speed. Together they form 
the lunisolar HI constituent. Also, lunar semidiurnal term A,, of 
formula (64) and solar semidiurnal term B,, of formula (187) have 
speeds exactly twice that of constituent K1 and togcther form the 
lunisolar Kz constituent. In  order that the solar terms may have 
the same eneral coefficient as the lunar terms, the solar factor 

from the general coefficient of t e solar terms and included in the 
constituent coefficients. Then, neglecting the general coefficient and 

i Ul/U, whic E will be designated b the symbol S', will be transferred 
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latitude factors common to the terms combined, we have the following 
formulas in which numerical values from table 1 have been sub- 
s titu ted for cons tan t quanti ties. 
term A21=(1/2+3/4e2) sin 2 1  cos (T+h-9O0-v) 

term BZ2= (1/2+3/4e:)S' sin 2 w cos (T+h-90°) 
=0.5023 sin 2 1  cos (T+h-90°-v) (216) 

=0.1681 COS (T+h-90°) (2 17) 
term All= (1/2$3/4e2) sin21 cos (2T+2h-2v) 

=0.5023 sin21 cos (2T4-2h-2~)  
term Bl1= (1/2+3/46)S'  sin2 w cos (2T+2h) 

133. Taking first the diurnal terms, let A re rescnt the lunar co- 
efficient 0.6023 sin 2 1  and let B represent the so P ar coefficient 0.1681. 
w e  then have 

=0.0365 COS (T+2h) (219) 

An=A COS (T+h-90°-v) 
=A cos v cos (T+h-90°)+A sin v sin (T+h-9O0) (220) 

&=B COS (T+h-90°) (22 1) 
&=(A cos v+B) cos (T+h-gO")+A sin v sin (T+h-90°) 

A COS v+B 
(222) 

A sin 1 = ( A Z + 2 A B  cos v + B ~ ) ~  cos T+h-90°-tan-' 

which 

II 
=C1 COS (T+h-90°-v') 

Cl= (A2+2AB cos v+B2)* 
=(0.2523 sin2 214-0.1689 sin 2 1  cos PI-0.0283) 3 (223) 

A sin v sin 2 1  sin v 
A cos v+B=tnn-lsin 21 cos ~$0.3347 v'= tan-' (224) 

Values of v' for each degree of N ,  which is tho longitude of tho 
moon's node, arc includcd in table 6. 

134. Tho obliquitv factor for K1 will be tnkcn to include tho entiro 
coefficient ( A 2 + 2 A 8  cosv+B*)+ and its mean value will be taken as 
the mean of the product ( A 2 + 2 A B  cos v +B2)+ cos v'. 
From (224) we may obtain 

Then for mean value of coefficient of Kl 
COS v'= (A COS v+B)/ (AZ+2AB COS v+B2)+ (225) 

[ ( A 2 + 2 A B  COS v+B2)* COS v']O=[A COS v+B]o 
=[0.5023 sin 2 1  cos v+0.1681]0=0.5305 (226) 

the numerica.1 menn for sin 2 1  cos v being obtaincd from form!ila (68). 
For the node fa.ctor of K1 divido the coefficient of (222) by Its incan 
value and obtain 
f(Ki)= (0.2523 sin2 21+0.1689 sin 2 1  cos v+0.0283)*/0.5305 

= (0.8965 sin2 21+0.6001 sin 31 cos v+0.1006)+ (227) 
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The node factors for the middle of each year 1850 to l0QQ me included 
in table 14. Logarithms of the reciprocal reductio4 factors for each 
tenth of a degree of I are given in table 12. 

135. The semidiurnal terms A,, and B47 may be oambined in a 
similar manner. Lettin A represent the lunar coefficient 0.5023 
sin21 and B the solar coe k cient 0.0365, we have 
Aq=A COS ( 2 T + 2 h - 2 ~ )  

= A  cos 2v cos ( 2 T + 2 h ) + A  sin 2v sin (2T+2h) (228) 
B47=B COS (2T+2h) (229) 
K2= ( A  cos 2v+B) cos ( 2 T + 2 h ) + A  sin 2v sin (2T4-2h) 

A 00s 2 v - b  
(230) 

A 2vB 1 = ( A 2 + 2 A B  cos 2v+B2)4 cos 2T4-2h- tnn-' c =c2 cos (2T+2h-2v") 
in which 

C2= ( A 2 + 2 A B  COS 2v+B2)4 
= (0.2523 sin' 1+0.0367 sin2 I cos 2vf0.0013)+ (231) 

sin 2I sin 2v 
sin2 I cos 2 v + m  (232) 

=tan-' A sin 2v 
A COS 2v+B 2 v" = tan-' 

Values for 2v" for each degree of N are included in table 0. 
136. The obliquit factor for K2 will be taken to inolude the entiro 

as the mean of the product ( A 2 + 2 A B  COS 2r+BP)+ cos 2v".  
From (232) 

Then for the mean value of coefficient of K2 

coefficient ( A 2 + 2 A  J cos Pv+B2)J and ite mean vnlue will be taken 

COS 2v"= ( A  COS 2 v + B ) / ( A Z + 2 A B  COS 2v+Bn)* (233) 

[ ( A 2 + 2 A B  COS 2v+B2)+ COS 2v''Jo=[A COS 2v+B]O 
=[0.5023 sin2 I cos 2~+0.0365],,=0.1151 (234) 

the numerical mean for sin2 I cos 2v being obtained from formula 
(71 ) .  For the node factor of K2 divide the coefficiont of (230) by its 
mean value and obtain 

f(K2)= (0.2523 sin' 1+0.0367 sin* I cos 2v+0.0013)+ /0;1151 
(236) 

See tsble 14 for node factors and table 12 for reciprocal reduction 
f actors. 

= (19.0444 sin4 1+2.7702 sina I cos 2v+0.0981)+ 

METEOROLOGICAL AND BHAUOW-WATER TIDES 

137. In addition to the elementar constituonts obtained from the 

thore are a number of I: armonic terms that havo their origin in 
meteorological changos or in shallow-wator conditions, Variations 
in temperature, barometric romue, and in the direction and force 

Although in general such fluctuations are vory irregular, thero are 
some seasonal and daily variations which occur with a rou h periodic- 
ity that admit of being oxpresued by harmonic terms, T i e  moteoro- 
logical constituents usually taken into account in the tidal analysis are 

development of tho tide- roducing P orces of the moon and the sun, 

of the wind may be expecte c f  to cause fluctuations in the water level. 



HARMOKIC ASALYSIS AKD PREDICTIOS OF TIDES 47 

Sa, Ssa, and SI with periods corresponding respectively to the tropical 
year, the half tropical year, and the solar day. These constituents 
aro represented also by terms in the development of the tide-producing 
force of the sun but they are considered of greater im ortance as 

solar force while Sa and S, would appear in a development involving 
the 4th power of the solar parallax (par. 119). I n  the analysis of tide 
observations both Sa and Ssa are usually found to havc an ap reciable 
affcct on the water level. Constituent S1 is relatively of {ttlc im- 
portance in its effect on the height of the tido but has been more 
noticeable in the velocity of off-shore tidal currents, probably as a 
result of periodic land and sea breezes. 

138. The shallow-water constituents result from the fact that when 
a wave runs into shallow water its trough is retarded more than its 
crest and the wave loses its simple harmonic form. Tlic shallow-water 
constituents are classified as overtides and compound tides, the over- 
tide having a speed that is an exact multiple of ono of the elementary 
constituents and the compound tidc a speed that equals the sum or 
difference of thc speeds of two or more elementary constituents. 

139. The overtides were so named becausc of their analogy to the 
overtones in musical sounds and the may be considered as .the 

usually taken into account in tidal work arc the harmonics of tho 
principal lunar and solar semidiurnal constituents hf, and S p ,  the lunar 
series being dcsignatcd by the symbols M,, MB,.and M8, and the solar 
series by S4, Sa, and S,. The subscript indicates the number of 
periods in tlic constituent day. These ovcrtides with their argu- 
ments and spcods arc includcd in tablo 2a, the argumcnts and speeds 
being talren as exact multiples of thosc of the fundamental con- 
stituent. There arc no theorctical expressions for the coefficients of 
the overtides but it is assumed that the amplitudes of the lunar series 
undergo variations duo to changes in the longitude of the moon’s 
node which axe analogous to those in the fundamental tide. The 
node factors for M,, Me, and ME, respectively, are talcen as the 
square, the cubc, and the fourth ower of the corresponding factor 

140. Compound tides were suggested by Helmholtz’s theory of 
sound waves. Innumerable combinations arc possible but the rin- 
cipal clemcntary constituents involved are M,, Sp, NP, K1, a n 1  0,. 
Table 2a includes thc com ound tides listed in International Hydro- 
Rraphic Bureau Special Pu E lication No. 26, which is a compilation of 
tho tidal harmonic constants for the world. The argument of a 
compound tide equals the sum or difference of thc arguments of the 
elementary constituents of which it is compounded. The node 
factor is taltcn as thc product of tlic node factors of the same con- 
stituents. Tablc 2a contains the arguments, speeds, and node 
factors of theso tidrs. 

141. Omitted from table 2a are a niimbcr of compound tides which 
have the same speeds as clrmentary constituents included in table 2. 
Thus, 2MS2, compoundrd by formula 2M2-S2, has the same speed as 
constituent p2 rcprcscntcd by term A,:, of formula (64). Considered 
as a compound tidr thcrc would be a small difference in the u of the 
argument and also in thc node factor. Since thcrc is no practical 
way of scparating the elementary constituent from the compound 

meteorological tides, Ssa occurs in tho development of t R e principal 

higher harmonics of the fundamcnta 9 tides. The only overtides 

for M,. For the solar terms this P actor is always zero. 
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tide of the same speed, this has been treated solely as an elementary 
constituent. Constituent MSf re resented by term As of formula (62) 

stituent is relatively unimportant and it makes little difference whether 
treated as an elementary or a compound tide. Following the pre- 
vious practice in this office it is treated in the harmonic analysis as B 
compound tide with corresponding ar ument and node factor. When 

and node factor indicated in table 2 should be used. 

has the same speed as a compoun x tide of formula S2-MM1, This con- 

included in the computation of tida f: forces, however, the argument 



ANALYSIS OF OBSERVATIONS 
HARMONIC CONSTANTS 

it has been shown that under the 

be made. 
144. The phases of the constituents of the actunl tide do not in 

general coincide with the phases of the corresponding constituen$ 
Of th? equilibrium tide but there may be lags vnrying from 0 to 3GO . 
The intervnl between the high water plinse of an equilibrium con- 
stituent and the following high water of t,he corrosponding constjtncnt 
In thp actual tide is known as the phase lag or epoch of tlie constituent 
and 1s represented by tlie symbol K (kappa) wliidi is expressed in 

memure. Tlio amplitudes and epochs togother nre called 
liarmonk constants ancl are the quantities soiiglit in tlio hamionic 

of tides, Ench locality hns a separnte set of linrnionic con- 
stants which can be derived only from obscrvntionnl t1nt.a but wl1icll 

tlie stun8 ovor a long period of tinie provided tliero ore no 
40 
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physicnl changes in tlic rcgion that might affect the tidal conditions. 
145. If we let y1 cqrial the height of one of the tidal constituents as 

referred to mean set1 level, i t  may be represented by the following 
formula: 

y iz . f Ig  cos (P-K)=fll cos (v+U-K) (236) 
Tlie oornbinntion symbol V+u is tlie equivalent of E ant1 represents 
tlie argumen t or phasc of the equilibrium constituent. 

146. Formula (236) is illustrated grapliirally in figure 7 by n 
cosine curve with ninplitride jJZ. Tlie horizontal line rcpresents 
menn sea level and the vertical line through T may be taken to in& 
cate any instant of time under consideration. If the point M repre- 
sents tlie time when tlie constituent argument equnls zero, tlie interval 
from Ad to the following high wat,er of tlie constituent will be the 
epoch K .  The interval from the preceding hiah water to ill is 
measured by the explement of K which may he expressed as - u .  
The phase of tlie constituent argument at time I' is rec.l\onetl from ild 
and is expressed by the symbol (V+u). The plinse of tlie constit- 

FIGURE 7. 

uent itself at this time is reclroned from tlie preceding liigli water 
and therefore cqunls ( V + U - K ) .  

OBSERVATIONAL DATA 

147. Thc most satisfactory observational data for tlic harmonic 
analysis arc from the record of an automatic tide gagc that traces a 
continuous curve from which thc height of tlic titlc may ba scaled at 
any dcsircd interval of time. This record is usually tabulated to gjw 
tlic height of the tide at each solar hour of thib series in tlic kind of 
time norinally used at the placc. It is importnnt, however, tlint the 
time sliould bc accurate and thnt the samc systcrn be used for tire 
cn tire serics of observations regardless of the fact thnt daylight snving 
time mny have been adopted temporarily for other purposcs (luring a 
portion of the pa r .  When thc continuous record from nn niitomntic 
gagc is not available, hourly heiglits of tlic tide ns obscrvctl by othrr 
methods may be used. Tlic rccord should be complcte with cadi 
hour of tlic scrics re resented. If a part of tlic record has bccn lost, 

extensive, the record may be broken up into sliortcr scrics which do 
not include tlie defective portion. 

the hiatus may be fi P led by interpolated valucs; or, if thc gnp is vcry 
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148. If hourly heights have not beon observed but a rocord of high 
and low waters is available, an ap roximate evaluation of the more 

The results, however aro not noarly as eatisfactory as those obtained 
from the hourly heights. 

149. Although the hourly interval for the tabulated hoights of ths 
tido has usual1 been adopted as most convenient and practicable. for 
tho pur oses o tho harmonic anal sie, a greater or less lnterval might 
be use2 A shorter interval wou d cause a considerablo increase in 
the amount of work without materially increasing tho accuracy of the 
results for the constituents usually sought. However, if an attempt 
were made to analyze for the short poriod seichoe a closer interval 
would be necessary. An interval greater than one hour would lessen 
the work of the analysis but would not be sufficient for the satisfactory 
development of tho overtidos. 

160. In  selecting the length of serios of observations for the purpose 
of the analysis, consideration harr bcon given to the fact that the pro- 
cedure is most effective in soparating two Constituents from each,other 
when the length of series is an oxact multiplo of the synodic period of 

important constituonts may be o T3 tained by 4 special treatment. 

9 9 

these constituents. By synodic is meant the interval betweon 
two consecutive conjunctions of 
the two constituents in degrees 
b ,  the synodic poriod will equal 

hasos. Thus, if the s oeds of 

hours. If there were only 
two constituents in the tide the best length of sories could be easily 
fixed, but in tho actual tide there are many constituents and the 
length of series most effective in one case may not be bost adapted to 
another case. It is therefore necessary to adopt a length that is a 
compromise of the synodic periods involved, oonsideration being 
glven to the relative importance of the different constituents. 

151. Fortunately, the exact longth of series is not of essential im- 
portanco and for convenience all series ma be taken to indude an 
Integral number of days. Thooretically, (iy ifferent lengths of series 
Should be used in seolung different constituents, but practically it is 
more convenient to use the same longth for all constituents, an oxcep- 
tlon being madc in the case of a very short series. The longer the 
Series of observations the lees important is its exact length. Also the 
greater the number of s two constituents the 

Stltuenta life S2 and K, which havo noarly aqua1 speeds and a synodic 
eriod of about 6 months will require a series of not less than 6 months 

On tho other hand, two constituents 
differing greatly in speed such RB a diurnal and a somidiurnal con- 
Stltuent may have a synodic poriod that will not greatly exceed a,da 
and a moderately short series of observations will include a relative y 
large number of synodic eriods For this reason, whon selecting the 
len5th of series no specia P consideration need bo given to the effect of 
a dlurnal and a semdiurnal constituent upon each other. . 162. The following len ths of sories havo boon selected as conform- 
?ng approximately to mu f tiples of synodic periods involving the more 
innportant constituents-14, 15,29, 58,87, 105, 134, 163, 192,221,250, 
279, 297, 326, 355, and 369 days. The 369-day series is considered as 
a standard length to bo used for tho analysis whenever observations 
Cqvering this period are available. This length conforms very closely 
W h  multiples of the synodic periods of practically all of the short- 

are represented E y a and 

odic periods of an 
more near1 complete wil 3" bo their separation 9 rom each other. Con- 

9)  
a satisfactory separation, 
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period constituents and is well adapted for the elimination of seasonal 
meteorological effects. When observations at  any station are avail- 
able for a number of years, it  is desirable to have separate analyses 
made for different years in order that the results may be compared 
and serve as a check on each other. Although not essential, there are 
certain conveniences in havin each such series commence on January 

may overlap by several days because the length of series is a little 
longer than the calendar year, 

153. If the available observations cover a period less than 369 days, 
the next longest series listed above which is fully covered by the 
observations will usually be taken, any extra days of observations 
being rejected. However, if the observations lack only a few hours 
of bein equal to the next greater length, it  ma be advantagcous to 

The 29-day series is usually considered as a minimum standard for 
short series of observations. This is a little shorter than the synodical 
month and a little longer than the nodical, tropical, and anomalistic 
months. It is the minimum length for a satisfactory development of 
the more impor tan t cons ti tuen ts. 

154. For observations of less than 29 days, but more than 14 days 
provisions are made for an analysis of a 14-day series for the diurnaf 
constituents and a 15-day series for the semidiurnal constituents, the 
first conforming to the synodic period of constituents Kl and 0, 
and the latter to the synodic period of MI and S,. Through speciai 
treatment involving a comparison with another station, it is possible 
to utilize even shorter series of observations. This treatment is 
rarely re uired in case of tide observations but is useful in connection 

days. 

1 of the year, regardless of t ‘i; e fact that series of consecutive years 

extrapo 9 ate additional hourly heights to comp iy ete the larger series. 

with tida P currents where observations may be limited to only a few 
SUMMATIONS FOR ANALYSIS 

155. The first approximate separation of the constituents of the 
observed tide is accomplished by a system of summations, separate 
summations being made for all constituents with incornmensurable 
periods. Designating the constituent sought by A, assume that the 
entire series of observations is dividpd into periods equal to the period 
of A and each period is subdivided !nto a convenient number of equal 
arts, the subdivisions of each eriod being numbered consecutively 

geginning with zero a t  thc initia P instant of each period. All subdivi- 
sions of like numbers will then include the same phnsc of constituent 
A but different phases for all other constituents with incommensurable 
speeds. The subdivisions will also include irre ular variations arising 
from meteorological causes. BY summing an5 avcraging separately 
all heights corresponding to each of the numbered subdivisions over 8 
sufficient length of time, the effects of constituents with incommensur- 
able periods as well as the metcorologicnl variations will be averaged 
out leaving intact constituent A with its overtides. 

156. The principle just dcscribcd for separating constituent A 
from thc rcst of the tide is applicable if the originnl pcriods into which 
the series of observations is divided are taken as some multiple of 
constituent A period. In  gcneral practice, that multiple of the 
constituent period which is most nearly equal to the solar clay is taken 
as the unit. This is the constitucnt day and includes one or more 
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Periods according to whether the constituent is diurnd, semidiurnal, 
etc. The constituent day is divided into 24 equal parts,the beginning 
of each part being numbered consecutively from 0 to 23 and theso are 
known as constituent hours. 
157. To carry out strictly the plan described above would require 

Reparate tabulations of the heights of the tide n t  different .intervals 
for all constituents of incommensurable periods, a procedure mvolvmg 
an enormous amount of work. In  actual practice tho tabulated so.lar 
hourly heights are used for all of the summations, these heights being 
assi ned to thc nearest constituent hour: Corrections are afterwards 

158. There are two systems for the distribution and assignment of 
the solar hour1 heights which differ slightly in detail. In  the system 
ordinarily used and which is sometimes called the standard system, 
each solar hourly height is used once, and oncc only, by being assigned 
to its nearest constituent hour. By this system some constituent 
hours will be assigned two consecutive solar hourly height? or receive 
110 assignment according to wliether the constitucnt day 1s longor or 
shorter than the solar day. In the other systcm of distribvtion, each 
cpnstituent hour receives one and only one solar hourly he1 ht neces- 

height. The difference in the results obtained from the two systems 
1s practically negli ible but the first system is generally used 8s it 
affords a quick met ?l od of checking the summations. 

app 7- led to take account of any systematic error in this approximation. 

8ltpthg the occasional rejection or double assignment of a so B ar hourly 

STENCILS 

, 159. The distribution of the tabulated solar hourly heights of the 
tl!e for the purpose of the harmonic anal sis is conveniently accom- 

gkdy of the Coast and Geodetic Survey earl in 1885 (Report of 
s. Coast and Geodetic Survey, 1893,*~0l.  f, p. 108). Althou h 

are serviccnble for many years and havc resulted in a very great 
These stenc,ils are cut from tho same forms wluch 

are used for the tabulation of tho hourly heights of the tide and 106 
sheets are required for the summntion of a 369-day sFrios of observa- 
tions for a single constituent. Separate sets are provided for different 
constitucn ts. Constitucrits with commensurable periods are included 
'n a singlo sumniation and no stencils aro requircd for constituonts, 

160. The use of the stencils makes a standardized form for the 
This form (fig. 9) is a 

sheet 8 by 1054 inches, with spaces arranged for the tabulation of the 
24 hourly heights of cadi day in a vertical column, with 7 days of 
rFcord on cacli pago. Thc hours of the day arc nuinbored consecu- 
tl?eb from O h  at midnight to 23' at 11 p. m. mien  the tabulated 
helgllts are cntorcd, en& day is indicated by its calendnr date and 

by a serial nunibcr commencing with 1 as the first day of sones. 
The days on the stencil shccts aro numbered serially to correspond 
with the tabulatioil shccts and may be used for any series regardless 
Of the cnlcndar dates. 
l61. The openings in the stencils nro numbered to indicate tho 

Collstitucnt hours thnt correspond most closoly with tho t'imes of the 

llshed by a system of stencils (fig. 10) w 91 ich were devised by L. P. 

the original constructioii of the stencils involves considerable wor 1 , 
of labor. 

SI, s2, SI, etc. 

of tho hourly hcights essential. 
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height values showing through the openings whcn the stcncil is applied 
to  tlic tabulations. 0 enings appl ing to the samc constituent hour 

tabular liciglits whicli nrc to bc summcd togcther. For convcnicncc 
in construction two stcncil sliects arc prepared for cach pnge of 
tabdations, one slicct providing for the even constituent hours and 
tlic other slieet for the odd constitucnt hours. 

162. The stencils nrc ndnptcd for use with tnbulntions inadc in 
any kind of timc provided the timc used is uniform for tlic cntire 
serics of observations. 
mntle in tlic standard timc of thc place. Thc scrics to bc annlyzccf 
liowvcr. must commence with thc zero hour of the day and this is 
nlso tnlrcn as tlic zero constituent hour for cach constituent. Suc- 
cessive solar hours will fall either carlicr or latcr than tlic corrcspond- 
ing constituent hour according to whether the constituent day is 
longer or shorter than the solar day. 

163. For the construction of the stencils i t  is ncccssary to calculate 
the constitucnt hour that most ncarly coincidcs with cach solar hour 
of tlic scrics. 

Let a=spced or rate of changc in argument of constituent sought 

p=number of constitucnt periods in constitucnt day; 1 for 

&=number of solar hour reckoned from 0 a t  beginning of each 

shs=numbcr of solar hour reckoned from 0 at bcginning of 

dos=day of serics counting from 1 as the first day. 
&=number of constituent hour reckoned from 0 a t  beginning 

chs=number of constituent hour reckoned from 0 n t  beginning 

are conncctcd by a ru f ed line whic 9 1 clearly indicates to the eyc the 

For convenience thc tabulations arc usual1 

in dcgrces per solar hour. 

diurnal tidcs, 2 for scmidiurnbl tides, etc. 

solar day. 

serics. 

of each constituent day. 

of scries. 
Thcn 

(237) 
360 

a 1 constituciit period=- solar hours. 

1 const.itucnt, dn? =-- 360P solar hours. (238) 

I constituent hour =* solnr liours. 

a 

a 
a 

151, 

(239) 

(240) - -- constituent hours. 1 solnr hour 
Therefore, 

164. The above formula givcs tlic constituent hour of the scrics (chs) 
corrospontling to any solnr hour of tho scrics (shs). Tho obscrvcd 
hcights of the tidc being tabulatcd for thc cxnct solar hours of tho  
day, the (shs) with which we nrc coxiccrnctl will rcprcwnt succcssive 
intcgcrs counting from 0 a t  tlic bcgjnning of thc scrics. The (chs) 
8s derived from the formula will gcncrally bc n mixed number. As 
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it is desired to obtain thc integral constituent hour corresponding 
lnost nearly with each solur hour, thc (chs) should bo taken to the 
ncnrcst integer by rcjccting n fraction less than 0.5, or counting ns 

extra hour n fiwtioii grcatcr than 0.5, or adopting the usual rule 
for compiitations if tlic frnctioii is exactly 0.5. Tlie constituent 
hour of tlic constitucmt clay (ch) rcquirccl for tlic construction of the 
stencils ]nay bc obtninrd b rcjrcting niulti les of 24 from tho (chs). 

integral constituent ]lour will differ from tlic corresponding. solar 
hour by a constant for n succrssion of solar hours, nnd tlicn,witli the 
dlffcrencc changed by O I ~ P ,  i t  will continuo as a constnnt for R I ~ -  
other group of solar hours, ctc. This fact is an aid in the prcpiirn- 
tlon of n table of constituent hours corresponding to tlic s o h  liours 
cf tho s(q-ies, ns it rcndcrs it iinncccssnry to makc an independent 
Cdculation for cucli hour. Instead of using tho above forniiiln for 
ea$i vnluc tlie time when tho diffcrcncc betwccn tlic solar nnd con- 
s4ltucnt llours clianges may bc determine?. Tlic application of the 
differences to the solar liours will then pivc the dcsircd constituent 
hours. 

166. Formula (241) is true for any value of (shs), wliotllcr integral or 
fractional. It represents t ~ i c  constituent time of niiy iiistant in tile 
series of observations in terms of thc solnr timc of that same Instai)t, 
both lrinds of time being reckoned from tlio beginning of tlic scrlw 
as the zero hour. The  differcncc betwecii tlic constitucnt nnd tllc 
solar time of any instant may thcrcforc bc cxprcssed by tlic following 

165. In  the applicntion o?tlic above formu P a it will bc found tlint tlie 

formula: 

(she) a a-1511 
Difference=-(shs) (shs)=- 15P 15P 

.167. If the constituent dny is shorter tlinn tlic s o h  day, the speed a 
Will bc mcatcr than 15p, and the constituent hour as reckoned from 
the beginning of the series will be grcntcr tlinn tlic solar liour of tlic 

instant. If the constituent dny is longer tlian t h e  solnr dny 
the const,ituent hour a t  nny instnnt will ba lcss tlinn tlic s o h  hour 
of the snmc instant. At the beginning of tlic series the difl'cwncc 

the constituent and solar time will be zero, but the diffcrcncc 
Wlu increase uniformly with thc tinic of tlic scri.cs. As long ns tllc 
dlffcrcncc does not cxcccd 0.5 of nn liour tlic 1ntcgrn.l coiistitiicnt 
hours will bc designated by the snmc ordiiinls ns tlic intcgrnl s o h  
hours with wllicli they most noarly coincide. Differences bctwccn 
O.5 and 1.5 will bc rcpresentcd by tlic integer 1, differrnces bctwccn 
l .5  and 2.5 by tlic integer 2, ctc. If wc lct d represent tlic intcgrnl 

the timc when tlie differcncc changes from ( d - 1 )  to d ,  
"111 be tlic time whcn the diffcrcnce derived from formuln (24?) 
equnls (d-0.5). Substituting this in tlic formuln, wc may obtniii 

(d-0.5) 15p 
a-161) (shs) =- (243) 

which (shs) represents tlic solar timc when tlic intcgrnl diflcrcncc 
b e h e n  thc constituent nnd solnr time will clinngc by onc liour from 

By substituting successively tlic intc, -el's 1, 2, 3,  P t C . ,  
for.d 111 tlic formula (243) tlic timo of each clinngc throiiqliout the 
serlps mny be obtninctl. Tlic value of (shs) this obtniricd will 

to d. 
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generally be a mixed number; that is to say, the times of the changes 
will usually come between integral solar hours. The first integral 
solar hour after the change will be the one to which the new difference 
will apply if the usual system of distribution is to be ado ted. In  

part of (shs) but need note only the rntegral hours between whch 
this value f d s .  

168. If, however, the second system of distribution should be 
desired, it  should be noted whether the fractional part of (shs) is 
greater or less than 0.5 hour. With a constituent day shorter than 
the solar day and the differences of formula (242) increasing ositively 
the application of the diffefences to the consecutive solnriours w d  
result in the jum ing or omission of a constituent hour a t  each chnn e 

hours must be represented, and ,it will therefore be necessary in this 
case to apply two consecutive ,differences to the same solar hour to 
represent two consecutive constituent hour?. The solar hour selected 
for this double use wlll bo the one occurring nearest to the time of 
change of differences. If the fractional part of the (shs) in (243) is 
less than 0.6 hour, the old and new differences will both be applied to 
the preceding integral solar hour; but if the fraction is greater than 0.5 
hour the old and new differences will be applied to the integral solar 
hour following the change. 

169. With a constituent day longer than the solar day and the differ- 
ences of formula (242) increasing negatively, the ap lication of the 
differences to the consecutive solar hours will res s t in two solar 
hours being assigned to the same constituent hour a t  each change of 
differences. Under the second system of distribution this must be 
avoided by the rejection of one of the solar hours. In  this case the 
integra] solar hour nearest .the time of change will be rejected, since 
a t  the time of change the difference between the integral and the true 
difference is a maximum. Thus, if the fractional part of the (&), 
is less than 0.5 hour, the Preceding solar hour will be rejected; but 
if the fraction is greater than 0.5 hour the next following solar hour 
will be rejected. 

170. Table 31, computed from formula (243), gives the first solar 
hour of the group to .Which each difference applies when the usual 
system of distribution 19 adoPbd- Multiples of 24 have been rejected 
from the differences, since we are COn~rned Only with the constituent 
hour of the constituent .day rather than With the constituent hour 
of the series, and these differences may be applied directly to the solar 
hours of the day. For COnvqnlence equivalent positive and negative 
differences are given. By u s W  .the.negative difference when i t  does 
not exceed the solar hour to-whlch It is to  be applied, and a t  other 
times using the positive difference, the necessity for adding or 
rejecting multiples of 24 hours from the results is avoided. 

171. The tabulated solar hour 1: the integer hour that immediately 
follows the value for the (sh) 1s formula (243). An asterisk (*) 
indicates that the fractional part of the (shs) exceeds 0.5, and that 
the tabular hour is therefore the one nearest the exact value of (shs). 
If the second system for the distribution of the hourly heights ie 
adopted, the solar hours marked with the asterisk will be used with 
both old and new difference to represent two constituent hours, or 
will be rejected altogether according to whether the constituent day 

this case we are not concerned with the exact value of the P ractiopd 

of difference. &der the second system of distribution each of t a e 
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is shorter or longer than the solar day. If the tabular hour is un- 
marked, the same rule of double use or rejection will apply to the 
untabulated solar hour immediately preceding the tabular unmarked 
hour. For the ordinary stencils no attention need be given to the 
asterisks. By the formula constituents with commensurable periods 
will have the same tabular values, and no distinction is made in the 
construction of the stencils. Thus, stencils for constituent M serve 
not only for M, but also for M3, M,, M8, etc. 

172. For the construction of R set of stencils for any constituent a 
preliminary set of the hourly height forms is prepared with days of 
series numbered consecutively beginning with 1 and each hourly 
height space numbered with its constituent hour ns derived by the 
differences in table 31. The even and odd constituent hours are then 
transferred to separate sets of forms and the marked spaces cut out. 
In the Coast and Geodetic Survoy this is done by a small machine 
with a punch operated by a hand lever. Spaces corresponding to the 
same constituent hour are connected by ruled lines which are num- 
bered the same as the hours represented. Black ruling with red 
llumbering is recommended , the red emphasizing the distinction 
between these numbers and the tabulated hourly heights which are 
to be summed. 

173. When in use the stencils are placed one a t  a time OII the sheets 
of tabulated heights, with dags of series on stencils mat,ching those on 
the tabulations, and all  heights on the page corresponding to each 
constituent hour are then summod separately: For constituent S no 
st?ncils are necessary as the constituent hours in thiscnse are identicnl 
?th the solar hours. For constituents K, P, R, and T with speeds 
differing little from that of S, the lines joining the hourly spaces 
frequently become horizontal and tlie marginal sum previously ob- 
tamed for constituent S becomes immediately available for the sum- 
mation a t  hand. I n  these cases a hole in the mnrgin of the stencil 
for the sum replaces the holes for the individual heights covered by 
the sum. 

SECONDARY STENCILS 

174. After the sums for certain principal constituents have been ob- 
tained by the stencils described in the preceding section , which for con- 
venience will be called the primary stencils, the summations for 
other constituents may be abbreviated by the use of secondary sten- 
cil! which are designed to regroup the hourly page sums already ob- 
tained for one constituent, into new combinations conforming to the 
Periods of other constituents. Certain irregularities are introduced 

the procoss, but in a long series, such as 369 days, those are for the 
most part eliiiiinated, and the resulting values for the harmonic con- 
"ants conipare favorably with those obtained hy u s ~  of the prininry 
Stencils directly, the diflerences in the results obtained. bv the two 
'?ethotls being negligible. For short series the irregularities aro less 
"k$' to he eliminated, and since the labor of summing for sych u 
sclleR is relatively small, the abbreviated form of summing is not 
rocomniended. As the length of series increases !lie saying in labor 
by the use of the secondary stencils increnses, while the irregularities 
due to the short process tend to disappear It is believed that tho 

of tho secondary stencils will be found n'dvantngcous for all series 
thnn G months in lengtli. 
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175. I n  the primary summations tliere are obtained 24 sums for each 
page of tabulations, representing the 24 constituent hours of a con- 
stitiient day. In  general each sum will include 7 hourly heights, and 
the average interval between the first and last heights will be 6 con- 
stituent days. A few of the sums may, however, include a greater 
or less number of hourly licights within limits which may be a day 
greater or less than 6 constituent clays. 

176. Let the constituent for which summations have been made by 
use of the primary stencils be designated as A and tho con- 
stituent which is to be obtained by use of the secondary stencils as 
B. For convenience let it be first assumed that the 
heights included in the sums for constituent A refer to tho exact 
A-hours. This assumption is true for constituent S but 
only approximately true for the other constituents. It is now pro- 
posed to assign each hourly page slim obtained for constituent A to 
the integral B-hour with which it most nearly coincides. 
Constituent A and constituent B-hours separate a t  a uniform rate, nnd 
the proposed assignment will tlepend upon the relation of the hours 
on the middle day of each page of tabulations. The tabulated hourly 
heights on earh full page of record r p  from zero (0) solar hour on tlw 
first day to the 23d solar hour on the seventh or las t  day of the page. 
The middle of the record on each such pngc is therefore a t  11.5 solar 
hourson the fourth day, or 83.5 solar hours from the beginning of thc 
page of record. 

177. Let a and b represent the hourly speeds of thc constituents A 
and B, respectively, and p and pl thcir respective subscripts, and let 
n equal the number of the page of tabulation undcr consideration, 
beginning with numbcr onc as the first page. 

The middle of pagc n will thcn be 
[168(n-l) 4-8.7.5) or (168n-84.5) s o h  hours (244) 

from the beginning of the scries. 

240), the middle of page n will also correspond to 
Since one solar hour equals a/15p constituent A-hours (formula 

(245) 
a 
1dP 

from the beginning of thc series. 
As thcrc are 24 constituent hours in each constituent day, the 

middle constituent A-day of each pagc will commence 12 constituent 
A-hours earlier than thc time represented by thc middle of tho page, 
or at 

(246) [ (1  68~~-84.5)-  - 121 constituent A-hours 

(168n - 84.5)yconsti tuent A-hours 

a 
15P 

from the beginning of the series. 
178. The 24 integral constituent A-hours of the middle constitucnt 

day of the page will thcrcforc be the integral constituent A-hours 
which immediately follow the time indicated b the last formula. 

Let f equal the fractional part, and let m be an intcgcr representing 
the number of any integral constituent hour according to its order in 
the middle constituent day of each page. For each pago m will havo 

The numerical value of this formula will usually g e a mixed number. 
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successive values from 1 to 24. The integral constituent A-hours 
fallin within the middle constituent day of cnch page of tabulations 
will taen be represented by the general formula. 

a 
15P 

[(168n-84.5)--- 12-.f+m] constituent A-hours (247) 

from the beginning of the series. 
179. Thc relation of the lengths of the constituent A- nnd constit- 

uent B-hours is given by the formula 

(248) 
Pla 

The constituent R-hour corresponding to the integral constituen t 

Pb 1 constituent A-hour= -constituent B-hours 

A-hour of formula (247) is therefore 

[(168n-84.5)-- a 12-.~+m]-constituent Pb R-hours (249) 
15P P la 

from the beginning of the series. 
The 

integral constituent B-hour to which the sum for the constitucnt A- 
hour is to bc assigned will be the nearest integral number represented 
by this formula. Let g be a frnction not greater thnn 0.5, which, 
applied either positively or ncgativcly to  the formula, will render i t  
an integer. 

180. The assignment of the hourly page sunis for constituent A- 
hours to the constituent B-hours may now be represented (\s follows, 
multiples of 24 hours being rcjcctctl: 

[(168n-84.5)-- 12--f+m--multiple of 241 constituent A-hour 

The last formula will, in general, represent a mixed number. 

a 

15P (250) 
to be assigned to 

[ {  (168n--84,5)-- a 
hour. 15P Pla 

12--f+rn) - Pb f g-multiple of 241 constitucnt B- 
(251) 

The difference between the constituent A-hour and tlic constitucnt 
.B-hour tolwliicli the A-hour sum is to be assigned is 

Byamcans of the abovc formula tablc 33 has been prepared, giving 
the dlffercnccs to bc applied to tlic constituent A-hours of each page 
to obtain tlic constituent B-hours with wliich they most ncarly 
coincide. 

181. For the construction of sccondary stcncils tlic forms designated 
for tho compilation of tlic stencil sums from tlic primill summations 
may bo used 
StcncilR wit11 openings in adjnccnt linr spacrs it is dcsirnblc that the 
Orlgirial compilation of the primnry sums should be mnde so that cnch 
alternntc line in the form for stencil sums is lcft vacant. AS wit11 tlie 

Bccause of the practicnl difficulties o ;Y constructing 
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primary stencils, i t  will generally be found convenient to use two 
stencils for each page of the cornpiled primary sums, although in some 
cases i t  may be found desirable to use more than two stencils in order 
to separate more clearly the groups to be summed. Tho actual 
construction of the secondary stencils is similar to that of the primary 
stencils. A preliminary set of forms is filled out with constituent B- 
hours as derived by differences from table 33 applied to the constit- 
uent A-hours. Tho odd and even constituent B-hours aro then 
transferred to separate forms and the spaces indicated cut out. The 
openings corresponding to the same constituent R-hour ore connected 
with ruled lines and numbered to accord with the constitucnt hour 
rcprcsentcd. The page numbering corresponding to thc page num- 
bering on thc compiled primary sums and referring to the pages of 
the original tabulated hourly heights is to be entered in tlic column 
providcd near the left inargin of the stencil. 

182. In using the stencils each sheet is to be npplied to the page of 
compiled primary sums having the same page numbering in the left- 
hand column as is given on the stencil. The primary sums applying 
to the same constituent B-hour are added and the results brought 
toaetlier in a stencil sum form, where the totals and means nre ob- 
tained. A table of divisors for obtaining the means may bo readily 
tlcrived as follows: I n  n set of stencil sum forms corresponding to 
those used for the compilation of constituent A primnry siiiiis the 
number of hourly heights included in each primary slim is entered 
in the space corfesponding to that used for such primary sum. The 
secondary stencils for constituent B are then applied nncl the sums 
of the numbers obtained nnd compiled in the same manner as that 
in which the constituent B height sums nre obtained. The divisors 
having been once obtained nre npplicable for nll scries of the snme 
length. 

183. In the analysis tlie means obtained by use of the sccondnry 
stencils may be trented as though obtaine!l directly by thc primurv 
summations except that a special augmenting factor, to be discussed 
later, must be a plied. The c l o w m s  of the agreement, between the 

obtained directly by,use of primary stencils will depend to n lnrgc 
extent upon the relation of the speeds of constituents A and B. The 
smaller the difference in the speeds !lie closer will bc the ngreoment. 

184. To determine the extreme difleronce in the time of nn indi- 
vidual hourly height and of the B-hour to wliicli i t  is assigned by 
the secondary stencils, let an assumed cnse be first considered in 
which the tabulated heights coincide exactly with the intcgrnl A-hours, 
and that on the middle day of the paae of tnhulnted hourly Iieights 
one of the integral B-hours coincides exactly with an A-hour. At thc 
corresponding A-hour, one A-day lo ter, tlie B-hour will hnve inci.cnser1 

by 24 3 constituent B-hours. Rejecting a multiple of 24 hours, 
Pla 

this bccomes 24 

coinci(lence of integral h o y s  pf constitiients A nnd U thc constituent 
A hourly height will differ in time from the integral constituent B-hour 

to which it is to be assigned by 24 constituent B-hours. 

hourly menns o E tained by use. of the secondnry stencils and those 

, so that n t  the end of one A-dny nfter tlie 
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At  the end of the third A-day this difference becomes 72 

constituent B-hours. The same difference with opposite sign will 
apply to the third const,ituent day before the middle day of the page. 
Now, taking account of the fact that the B-hour on the middle day 
pf the page may differ by an amount as great 0.5 of a B-hour from the 
Integral A-hour, and that the integral A-hour may differ ns much as 
0.5 of a constituent A, or 0.5 p b / p , a  of a constituent B hour from the 
time of the actual observation of the solar hourly height, the extreme 
difference between the time of observation of an liourlv height and 
the time represented by the B-hour with which this height is grouped 
by the secondary stencils may be represented by the formula 

constituent B-hours. (253) 

The differences may be either positive or negative, and in a long 
series it may reasonably be expected that the number of positive and 
negative values will be approximately equal. 

185. The above formula for the extreine differonce furnishes a 
criterion by which to judge, to somo extent, the.rcliability of the 
method. Testing the following schedule of constituents for which 
I t  is proposed to use the secondary stencils, the extreme differences 
as indicated are obtained. The differences are expressed in con- 
stituent B-hours and also in constitpent B-degrees. It will be 
noted that one c,onstituent hour is equivalent to a cliange OF 15' in 
the phase of a diurnal constituent, 30' in the phase of a semidiurnal 
cons ti tuent, e tc. 

Conrtituent A .  _ _  _ _ _ _  _ _  _ _ _ _ _  _ _ _  J 8 

- - 

- 
Differonce In hours ..... _.______ 

ComtItuent A _ _ _ _  _ _ _  _ _ _  ______._____ ~ _ _ _ _  I 
Difference in degrees _ _ _ _  ~ _ _  _ _ _ _  IS - 

L 2M K 

186. I n  the ordinary primary summation the extrcme difference 
between the time of the observntion of a solar hourly height and the 
ln!regal constituent hour to which it is assigned is one-half of n con- 
etltuent hour and, represented by constituent degrees, i t  is 7.5' for 
dlurnal, 15O for semidiurnal, 22.5' for terdiurnal, 30' for qunrtcr 
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diurnal, 45' for sixth-diurnal, and 60' for eighth-diurnal constituents. 
By the above schedule i t  will be noted that the extreme difference 
exceeds GOo in only a few cases. The largest difl'erence is 99' for 
constituent 2Q when based upon the primary summations for 0. 
This is a small and unimportant constituent, and heretofore no analysis 
has been made for it, the value of its harmonic constants being in- 
ferred from those of constituent 0. Although theorcticnlly too small 
to justify a primary summation in peneral practice, the lesser work 
involved in the secondary summations may produce constants for 
this constituent which will be more satisfactorj than the inferred 
constants. 

FOURIER SERIES 

187. A series involving only siries and cosines of whole multiples 
of a varying angle is generally known as the Fourier series. Such a 
series is of the form 

(254) 

It can be shown that by taking a sufficient number of terms the 
Fourier scrics may be made to rcpxescnt any periodic function of e. 

This series may be written nlso in the following form: 

h=Ho+C1 COS e+c, COS 2e+c3 COS 3 e + - - - , - -  
+SI sin e+& sin 20+S3 sin 3 e + - - - - - -  

I~=H,,+A, COS COS ( z o + ~ J + A ~  COS (30+aa)+----  (355) 
in which 

S m  A.,=[C,2+S,n2]; nncl aln= - tnn-' - c a n  
m bcing tlic subscript of any term. 

188. From the summations for any constitucnt 34 hourly 
menns nre obtnined, tliese nicans being tlic appi*oximntc liciglits 
of the constituent tide a t  givcn intcrvals of tiinc. Thcsc mean 
constituent hourly hciglits, togethcr with the intcrmcdicitc liciglits, 
ma bc represcntcd by thc Fouricr series, in wliicli 

&,=mean value of tlic function coi*rcsponcling to tlic lieiglit of 
mean sca level above tlic atloptctl clatiun. 

8=an angle t l in t  clinngcs uniformly with time nnd completes a 
cycle of 360' in one constitucnt dny. The vnlucs of e corresponding 
to thc 24 howly nicnns \vi11 bc Oo, 15', 30°, - - - - 330°, and 345'. 

Formula (254), or its cquivalcnt (255), is tlic cquution of a curve 
with tlie values of e as the nbscissze niicl tlie corresponding vnlucs of 
h as the ordinntcs. If thc 24 constituent hourly means are plottcd as 
ordinates corrcs oncling to the values of O', 15', 30°, - - - - for 8, 

in (355) will givc tlic cquation of n curve that will pass exactly though  
each of tlie 24 points rcprcscnting thcsc mcnns. 

189. In ordcr to malie the following discussion more gcnernl, lct i t  be 
assumcd that the period of 0 lins been divided into n cqual pnrts, nnd 
tlint thc ordinnte or raluc of h pertnining to tlic bcginning of each of 
tliosc pnrts is known. Let u cqunl tlic interval bctwccn tlicsc ordi- 
nates, then 

n u=2?r, or 3GO' (256) 

corrcsponding 

i t  is possible to r f  nd vnlucs for Ho, C,, and S,, which ivlicii sulstitutcd 

Lct tlic givcn ordinates be hot h,, h? _ _ _ _ ,  h 
to tlic nbscissac 0, u,  2u - - - - (n - 1) u, respectively. 
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I t  is now proposed to show t,hat. the curve represented by the 
following Fourier series will p ~ s s  tdirough t.hc n points of which the 
ordinates are given : 

h=Ho+Cl COS 8+C2 COS 281- _ _ _ _ _ _ _ _ _ _ _ _  C, COS k 8 
+SI sin 0+S2 sin ne+ _ _ _ _ _ _ _ _ _ _ _ _  S, sin I e 

m-k m-7 

m-1 m-l  
=Ho+ C C ,  cos m e+ C S, sin me (257) 

n-1 if n is an in which the limit k = H  if n is 8n even number, or k=- 2 

if n is odd, n n-1 
odd number; and the limit 1=g-l if n is even, or - 2 

Points in (257) we may obtsin 71 equations of t.he form 

n 

190. By substituting successively the coordinates of the n given 

h.,=Ho+ C, cos mau+ S ,  sin mnu (258) 

in which a re resents successively the integers 0 to (n-1). 
By t,he so P ution of these n e y u a h n s  the values of n unknown 

qunntities may be obtained, including H o  and the (n-1) values for 
cm and S,. It will be noted that, the sum of t.he limits IC and 1 of 
(257) or (258) equals (n-1) for both even nnd odd values of n. 

Ci cos a u+ c2 cos 2 a u+ - - - - +- c,, COS 

m=k m=I 

m = l  l l l = l  

191. The reason for these limits is 8,s follows: 
A continued series Z C, cos m ( I  t i  may be written 

+Cr(n.tl) cos (n+l)nu+C(, ,+?,  COP ( t t i 2 i  (1 U + _ - - - + C ~ ~ C O S ~ ~ ~ ? L  
-t C(2n+I) cos (2n+ 1) a U+C,~, ,+~,  cos (2n- i -2)  (1 u+ - - - - 

+------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  (259) 
Since n u = 2 r  and a is nn integcr, the nboye mag be written 

(1 u 

+C3,, cos 3 n a u 

[CI + C("+l) + C(?"+l) + - - - - - - - - J cos (1 u + [C2+ C(Il+2) + C(2"+2) + - - - - - - - .I cos 2 (1 u 

+ [ C ( , J - ~ ~ + C ( ~ " - ~ ) + ~ ' ( ~ " - ~ , + - - - - - - - - ]  cos (n-1) a u 
+[C"+C2"+c8n+ - - - - - - - -  ] cos 71 a 11 @GO? 

Since cos a u=cos 2a ?r= 1 ; cos (n - 1) a 'u = cos (2a T-a u> =cos a u; 
Cos (n-2) a u=cos 2 a u; etc.: (2GO) mtiy be written 

[Cn + 15'2" + C3" + - - - - - - ] COS 0 
+[Cl+C,n+l)+C(,n I ) + - - - - .  . - .. 

+[c,+c(,+,)+c(:~ ")+ - - - - - - 
+C,, l - l ,+C(2n-.1)+~(Sn-l)+---  1 cos (1 u 

+ c(I,-?) + C m )  +6L2) 4- - - - - - - - ] cos 2 a u 
- 

+ lC&+ C,n+P) + C(Zn+l) + - - - - - - - - 
-1- G - k )  + C(2"-/.) + C(?"- k, t - - - - - - - -1 cos k a u (2611 

The first tern1 of the above is n coiistnnt which will be included with 
From nn examination of (261) it is 

evident that the cosine terms will he completely represonted when 
No in the solution of (258). 

'-;J or qj nccording to whet,lier 71 js even or odd. 
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[&+&n+S,n+ - - - - -  - - -1 sin o 
+[s~+S(n 1) +S(2n+1) + - - - - - - - - 
- S ( n - l ) - ~ ( Z n - l ) - S J l r - i ) -  - - _ _ _ _ _ _  1 sin a 
+[&+S(n+2)+S~n+2) + - - - - - - - - 
-S(n-*)-S(zn-2)-S,Bn-2)- - - - - - - - -1 sin 2 u u 

-s(n- I )  - S(2n- I )  - S(3n- I )  - - - - - - - - -1 sin 1 u u 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
+ [ S , + S , n + I )  +Sc*n+l) + 

(262) 
The remaining terms w d  

1 when take complete account of the series Z S,,, sin m a u, if I=--- 

n is even, or - when n is odd. 

The first term in the above equals zero. 
n 
2 

n- 1 
2 

R. 
From the foregoing it is evident that the limit of m will not exceed 2' 
192. If we let u and a represent ilny angles with fixed values, m and P 

integers with fixed values, aiid a an integer having successive ttn 
i-arues from 0 to (n-l), i t  may be shown that 

sin 4 n m u 
sin 3 in u ,  sin [$ (n-1) m u+a] '=s l ) s in  (a m u+ a) = 

am0 

(264) 
sin + n m u R - (n- 1) 

cos (a m u+a)= cos [f (n-1) mu+u] 
a-o sin 3 ni u 

sin 4 n ly-m) u cos 3 (n-1) ( p - m E  
sin 3 (p-m) u 

(265) n (pi-,ti) v cos 4 (n-I) (p+m) u 

'-5') sin a p u sin a m u= 4 
a-o 

sin 
sin 3 i p -  m )  u -3 

a-(n-1) sin 3 1) (1)-m) u cos $(n-1) (p-m) ? C c o s a p u c o s a m u = +  
0-0 sin 3 (p-m) u 

(266) sin 4 n (p+m) 71, cos 3 (n-1) (p+m) u 
sin 4 ( p f m )  u +4 
sin 3 n (p-m) u sin 4 (n-1) (p-m)_" 

8'0 sin 3 (p-m) u 
(267) sin 3 n (pC?nI  u sin 3 (n-1) (p+m) u 

sin 3 ( p T m )  u 

a l ( n - 1 )  
s i n a p u c o s a m u = i  

+ t  
2n 

(267) may be written as follows: 
193. If welet a=O and u=---? or 11 u = ~ K ,  then formulas (263) 

1L 

a-(n-1) sin m ?r sin ( m  r-: n) 

sin - r 
sin a m  u= 

8-0 )ti 

n 

sin m K cos m r-- r) 

sin - K 

(. n. 
m nms ' )cos  a m u= 

8-0 

n 

(268). 

(269) 
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sin ( p - m )  r cos (p-m)  r-- p - m  .] 
a 4 n - 1 )  [I n C cos a p u cos a m u=3 

sin p--m r 
n 

800 

sin (p+m> r cos [ b + m >  r-- P + m  .] 
(271) 

n 

sin PS~ +3 
n 

sin ( p - r n )  r sin (p-mj r-~--~ r] 

sin Lm r n 

c n agsl) sin a p u cos a m u=+ 
8-0 

sin (p+m) r sin (p4-m) ?r-- 

n 

(272) n 
P S m  A 

+3 
sin - 

n 
194. If p and m are unequal integers and neither exceeds 2) the 

above (268) to (272) become equal to zero. Thus, 
a-(n-1) 

s inamu=O 
n-o 

*-S1)cos a m u = ~  
8-0 

a-(n-1) 
sin a p u sin (1 m u = O  

8-0 
a-(n-1) 

sin a p u cos Q m u=O 
8-0 

(273) 

n 
195. If p and m are equal integers and do not exceed 2l formulae 

(2701, (271)) and (272) will contain the indeterminate quantity 
-=$ 0 and also when p and m each equal 5) the indetermin- 
sin P%mr 

n 
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Evaluating these quantities we hare 

ho=H0+C; COS O+Ct COY O + - - - -  - _ - -  +C; COS O 

hl=Ho+C1 COS u f C 2  COS 2 ~ + - - - - - - - - f C ,  COS ku 

h=Ho+C, COS 2 u S C 2  COS 4 ~ + - - - - - - - - + C k  COS 2ku 

+S1 sin O+S2 sin O f  - - - - - - _ -  +SI sin 0 

+SI sin u+S2 sin 2 ~ 4  - - - - _ _ _ - + S ,  sin l u  

+SI sin 2u+S; sin 4u+ - - - - - - _ _  +SI sin 21u 
_ _ _ - _ - _ _ _ _ _ _ _ - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
h~,-I,=Ho+Cl cos ( n - l ) u + G  cos 2(n-1)u+ _ _ _ _ _ _  

+Ck cos (n- 1)ku 
+SI sin (n-l)u+& sin 2(n--l)u+ _ _ _ _ _ _ _ _  

+S, sin (n-1)Zu 

=n (274) 
n ( p - m )  =0 

’ (282) 

and 

=-n (275) 

In (275) it  will be noted that when the integers p and m each equal 
n n must be an even number, and thereforo cos nr is positive, while 2) 
cos r is negative. 

196. Assuming the condition that, p and m are equal integers, each 
less than g, we have by substihting (274) in (270),  (271),  nnd (272),  

sin - - cos - 

a-(n-l) 
sin a p u sin a m u= c sin2 a n?, u=+ n (276) 

(277) 

(278) 

8’0 a-r) 

a-E1) cos a p u cos a m ,u= a=&-1) cos2 a m u=+ n 
a-o 8=9 

a - (n - 1 )  a-gl) sin a p u cos a m u= sin a m u cos a m u=o 
a-o a-o 

n 197. Assuming the condition that p and m are each equal to 

we have by substituting (274) and (275) in (270), (271)) and (272), 

a-o 
(279) 
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199. To obtain value of Ho, add above equations 

a- n-1) a-(n-r) - n-1) 

8-0 0-0 8-0 
+c, c o s a u + C 2  c o s 2 a u +  _ _ _ _ _ _ _ _  +ckah c o s a k u  

+s,' sin a u+s2 
= n-1) 8-b-1)  

sin 2 a u+ _ _ _ _ _ _ _ _  +sia-!$j')sin a 1 u 
B E 0  0-0 0-0 

a= n-1) 
From (273),  & cos a m u and '-9) sin a m u each equals zero, 

8-0 8-0 

n since neither k nor I, the maximum values of m exceeds 2- 
Therefore 

a-(n-1) 
hs=n Hi (284) 

0-0 

and 
1 a- n-1) 

Ho=- & h. 
n a-o 

200. To obtain the value of any coefficient C, such as C,, multiply 
each equation of (282) by cos a p u. Then 

ho COS 0 = Ho COS 0 + c, cos 0 + cz cos 0 + - - - - - - - - + Ck cos 0 
+SI sin O+S2 sin O+ _ _ _ _ _ _ _ _  +Si sin 0 

hi COS p U= Ho COS p u 
+c1 COS U COS p U+C? COS 2U COS p U + - - - - , - + c k  COS k U COS p U 
+S, sin u cos p u+S2 sin 2 u  cos p u+ _ _ _ - _ _ - -  + S I  sin 1 u cos p u 

hz cos 2 p  u=l& cos 2 p  u sc, cos 2 u  cos 2p u+c2 cos 4 u  cos 2p u s  - - - - - - - -  
+Ck COS 2k u COS 2 p  u 

+SI sin 2u cos 2p u+S2 sin 4 u  cos 22, u+ _ - - - -  - - _  
+Si sin 21 u cos 2 p  u 

- - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - - - - _ - - - - _ _ - - _ - - _ - - - - - - - - - - - - - - - - - - - -  
Ll) C O S  (n-1) U=H, COS (n-1) u 

+S, sin (n-1) I u cos (n-1) p u 

+ c1 cos (n- 1j'u cos (n-  1) p u+ 8 cos 2 (n- 1) u cos (n- 1) p u+ 

+s1 sin (n-  1) u cos (n- 1) p u+$ sin 3 (n- 1) u cos (n- 1) p u+ - - 
+Ck COS (n- 1) k u COS (n- 1) u 

(286) 

Summing the above equations 
8- (n-1) a-(n-l) 

8-0 8-0 

- t ~  c cos a u cosa p u+~,~-g') sin a u cos a p u 

c h,, cos a p u-H, C cos a p u 
a-fn-1) 

8-0 8'0 

(Formula continued next page) 
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a-(n-1) + cz cos 2a u cos a p u+ s 2 8 2 - 2 n  2a u cos a p u 
8-0 8 0 0  

8- (n-1) 
+Cx cos a k u cos a p u+Sl 8mg1)s in  a 1 u cos a p u 

8'0 8-0 

a..(Il-l) m-k a- 0-1) 

8-0 m-1 8'0 
= H ,  c o s a p u +  C, f= c o s a m u c o s a p u  

+ rngl sma-%-l) 
sin a m u cos a p u (287) 

m==1 0-0 

201. Examining the limits of (287), it  will be noted by a reference to 
.page 63 that k, the maximum value of m for the C terms is when n 

n- 1 n is even and - when n is odd; also, that 1 has a value of 2-1 when 2 
n-1 n is even and 2 when n is odd. The limits of p, which is a partic- 

ular value of m, will, of course, be the sime as those of m. 
By (273) the quantity '-5'' cos a p u becomes zero for all the 

8-0 

values of p, and the quantity '-5') cos a m u cos a p u becomea zero 

for a11 values of m and p except when p equals m. By (273), (278) 
8-0 

8 - n  1) 
and (281) the quantity 5 sin a m u cos a p u becomes zero for all 

8-0 

values of m and p. 
Formula (287) may therefore be reduced to the form 

"-E"hD cos a p u = C p 8 - ~ "  cos2 a p u 
8-0 8-0 

For any value of p less than 

'-5') cos2 a p u=+ n (277) 
8-0 

n but when p = -  this quantity becomea equal to n (280). 2' 

Therefore for all values of p less than 2 2 

n but when p is exactly - 2 

Since in tidal work p is always taken less than :, we are not especially 
concerned with the latter formula. 
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202. To obtain the value of any coefficient S, such as S,, multiply 

each equation of (282) by sin a p u. Sum the resulting equations tlnd 
obtain - n-I) '-E1) h., Fin a p 21 =Elo  bin a p d 

8-0 (r-0 

+mCl c, r g n - 1 )  

+ h 3  s, 3 - 1 ) .  

cos a m u sin a p u 

sin a m  u sin a p u 

m-1 It-0 

m-1 8'0 

By (273), (278),  and (281) the quantities "E1) sin a p u and 

8-ss cos a m u sin a p u are zero for all the values of m and p; 

aQd sin a m u sin a p u becomes zero for all the values of M. 

and p except when m and p are equal. In  this caae the limit of 2 for 

and by (276), the quantity '3-l) sing u p u 

8'0 

8-0 

8-(n-1) 

8-0 

and p is lese than 
0-0 

" 3  n. Therefore, formula (291) reduaee to the form 

208. By substituting (286), (280) (200), m d  (293) in (2671, the 
fo!OWing e uation of a curve, whick wil l paas through the n given 
Polnte, w i l l x e  obtained 

1 cos e +[:* 2-1. cos k a u 
a-o +[- e-(n-I X . s i n ~ a u ] s i n t e  
1-0 

(294) 
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204. Although by taking a sufficient number of terms the Fourier 
series may thus be made to represent a curve which will bo exactly 
satisfied b the n iven ordinates, this is, in general, neither necessary 
nor desiratle in tiial work, since it is known that the mean ordinates 
obtained from the summations of the hourly heights of the tide in- 
clude many irregularities due to the imperfect elimination of the me- 
teorological effects and also residual 'effects of constituents having 
periods incommensurable with that of the constituent sought. It is 
desirable to include only the terms of the series which re resent the 

of sufficient length,. the coefficient of the other terms, if sought, will 
be found to approximate to zero. 

205. The short-period constituents as derived from the e uiljbrium 
theory are, in general, either diurnal or semidiurnal. If $0 period 
of 0 in formula (257) is taken to correspond to the constituent day, 
the diurnal constituents will be represented by the terms with cocfficiont 
Cl and SI, and the semidiurnal constituents by the terms with co- 
efficients C2 and S2. For the long-period constituents, the period of 
8 may be taken to correspond to the constituent month or to the 
constituent year, in which case the coefficients Cl and SI will refer to 
the monthly or annual constituents and,the coefficients C2 and S2 to 
the semimonthly or semiannual constituente. For most of the 
constituents the coefficients Cl, SI\ C2, and Sa will be the only ones 
required, but for the tides dependlng upon the fourth ower of the 

coofficients will be required. Terms beyond those with coefficients 
C, and S,, for the overtides of the princip~l lunar constituent are not 
general1 used in tidal work. 

eriodic elements exist in a 
constituent tide and that the mean orinatcs obtained from obscr- 
vations include accidental errors that are not periodic, it  may be 
readily shown by the method known as the least square adjustment, 
using the observational equations represented by (258), that the most 
probable values of the constant Ho and t,he coefficients C,, and S, are 
the same as those given by formulas (285), (289), and (293), 
res ectively. 

fO7. Since in tidal work tho value of Ho, which is the elevation of 
mean sea level above the datum of observations, is generally deter- 
mined directly from the original tabulation of hourly heights, formula 
(285) is unnecessar exce t for checking purposes. Formulas (289) 

coefficients C, and S, from the hourly means obtained from the 
summations. 

208. When 24 hourly means are used n=24 and u=15', and the 
formulas may be written 

true periodic elements of the constituent. With series of o E servations 

moon's parullax and for the overtides and the compoun B tides, other 

206. h e n  it is known that certain 

and (293) are use B \  for o taining the most probable values of the 

1 0-23 

12 0-0 
OD=- h, cos 15 a p (295) 

1 0-23 

12 0-0 
S,=- h, sin 15 a p 

in which the angles are expressed in de pees. 
If only 12 means are used, the formu B as bccomc 

10-11 

6 a-o 
OD=- h0 cos 30 a p (297) 
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1 a-11 

8'0 
h, sin 30 a p 

209. The upper part of Form 194 (fig. 16) is designed for the compu- 
tation of tho coefficients C, and S, in accordance with formulas (295) 
and (296) to take account of the 24 constituent hourly means. 

It 1s now desired to express ertch constituent in the form 
y=A COS ( p  O+a) (299) 

or using a more specialized notation by 
y = A  COS ( p  e+) 

By trigonoiiietry 
A cos (p O-+A cos cos p O+A sin 5 sin p 0 (301) 

=C, cos p e+$, sin p e 
in which CD=A cos { and &',=A sin f (302) 

Therefore, 

and 

Substituting in foymulas (303) and (304) the values of C, and SD from 
formulas (295) and (296), t'he corresponding values for A and f may 
be obtained. Substituted in formula (300), these furnish an ap- 
Proximate representation of one of the tidal constituents, but a further 
Processing i s  necessary in order to  obtain the mean amplitude and 
epoch of the constituent. 

AUGMENTING FACTOR8 

210. In  the usual summations with the primary stencils for all the 
short period constituents, except constituent S, the hourly ordinates 
Wh!ch are summed in an roup are scattered more or lese 
uniformly over a period J o m  one-talf of a constituent hour before 
to pne-half of a constituent hour after the exact constituent hour 
W h h  the roup represents. Because of this tho resulting mean will 
differ a litfie from the true mean ordinate that would be obtained if 
al! the ordinates included were read on the exact constituent how, as 
With constituent S, and the amplitJude obtained will be less than the 

amplitude of the constituent. The factor necessary to tRke 
account of t h i R  fact is called the augmenting factor. 

single 

211. Let any constituent be representmod by the curve 

in which 
(305) 

A=the true amplitude of the constituent 
a=the s eed of the constituent (degrees per solar hours) 

a=any constant. 
t=varia \ le time (expressed in solar hours) 
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T4e mean value of y for a group of consecutive ordiriates from 7/2 
b o w  before to 7/2 hours after any given time t ,  7 being the number 
of solar hours covered by the group, is 

(306) 
360 A =- - cos (at+,) sin sin:A cos (at+.) 
R ar 2 Tar 

212. Since the true value of y at any time t ,  is equal to A cos (at+a) 
by @OS),  i t  is evident that the rolation of this true value to the mean 
value (306) for tho group 7 hours in length is 

TU7 - - 
(307) 

A COS (at+.) 
360 UT ar - sin - A cos ( a t f a )  war 2 360 sin 

is the augmpting factor which is to be The quantity -- a7 360 s i n T  
a plied to the mean ordinate to obtain the true ordinate. In the use 
o P thie factor it is assumed that all the consecutive ordinates within 
the time 7 2 hours before to 7/2 hours after the given time have been 
used o 6 taining the mean. This assumption is, of course, only 
approxlmately realized in the summation for any constituent, but the 
longer the series of observations the more nearly to the truth it 
ap roaches. 

118. Acoording to the usual summations with the primary stencils, 
the hourly heights included in a single group may be distributed over 
an interval from one-half of a constitutent hour before to one-half of a 
conetdtuent hour after the hour to be represented. In  this caae T 

equds one constituent hour, or 

Tar 

solar hours. 

Substituting this in (307), the 
?rp augmenting factor= 

2 4 & ?  (308) 

and is the one used in the calc 3 ation of the augmenting factors in 
which ie the formulagenerally ado ted for the short-period constituents 

Fwm 194. For the long-period constituents special factors are 
neoees 

214.7 the second system of distribution of the hourly heights as 
described on page 63 is adopted, T equals one solar hour and formula 
(307) becomes 

which will be explained later. 

wa 
a 360 sin 5 

augmenting factor = (309) 
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It will be noted that formula (308) dppends upap the value of p Md 
therefore will be the same for aU short eriod conetituenta (S excepted) 

constituent and will therefore be difierent. for ewh constituent. 
215. When the secondary stenoile are used, the grouping of t4s 

ordinates is leas simple than that provided by the primary stencds 
Only. h t  i t  be assumed that the series is of sufficient length so that 
the distribution of the ordinates is more or less usifom in accordapoe 
with the system adopted. 

Suppose the original primary summations have been made for COB- 
stituent A with speed a and that the secondary stepoils have been 
Med for constituent B with speed b. Then let p‘and 8’ represent the 
aubsoripts of constituents A and B, respectively. 

With like subscripts. Formula (309) C Y  epends upon the speed a of the 

The equation for constituent B may be written 

y=B cos (b t+@) (310) 
216. In the rimary summation for constituent A, the group of ordi- 

nates includezin a single sum covers a period of one conshtuent A 
hour or 9 solar hours. Expressed in time 1, midway of this interval 
and representin the exact intogral constituent A hour to which the 
group applied, $e average value of the B ordinates included in such 
4 group may be written 

a 

6 Bf* cos (bt+ p) dt t-T 

B COS ( b t f p )  (311) 

2cc 
24 a 15pb In which F,, for brevity, is substituted for the coefficient --sin- 

gW~ping to the true B ordinate for the time 6 represented by that 
group. The reciprocal of this coefficient will be that part of the 

factor necessary to tnke account, of this primary grouping, 
If the primary summing has been for the constituent S, thiscoefficient 
“‘W be taken as unity since the original S sums refer to the exnat S 
hour. 

217. When tho secondary stencils are applied to,the constituent 
D0.u~ sums, the groups applying to an exact constituent A hour a t  

tune t and represented by that time, will be distributed over an 

For an integral constituent B hour at any time f within the middle 
represented by a seven-day age of original tabulations the limits 

Of this interval will be ( t -%) and (t+%)* For the same page 

and gives tho relation of the averngc B ordinate include Yb in the A 

15p’ 
of a constituent B hour, or solar hours. 
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of tabulations, letting t represent the same time in the middle day, the 
limits of the group interval for the clay following the middle one, are 

+I,  +2, f 3 ,  res ectivel , for the seven successive day6 represented 
by a singlo page o P originn 3 tabulations, the limits of the group interm1 
for any day of the page may be represented by 

(t+39-g) and . If we let n=-3, -2, -1, 0, 

(1+*-%) and ( t - t 3 9 - + % )  

218. Formula (311) gives the mean value of the B ordinate for 
roupin of tlie A summations. The mean value of (311) obtained 

6y comtining the groups falling in any. particular day of page of 
tnbulntions in tho limits indicated above is 

3,OObpn lbp’ 
c-- b t + p +  a +--) 

A 15p‘ 

=(- 24 7 1 gin ?)FIB cos (bt+,9+3m) 
“ P  CL 

(312) =F,F2B cos (bt+b+--,--.) 360bpn 

24 1 16 if we put F2=- 7 sin 2 for brevity, * P  2 

219. Formula (312) re resents tbc mean value of the B ordinate 
for a particular dpy of t K e page record. The avornge vtlliie for tho 
7 days may be written 
+F,F,B n-+3 c o s ( t - t p + ~ )  

a--3 a 

(36:bP)-sin ( b t + p )  sin ( 360bp , ) 
+cos ( b t f B )  cos - 

(Formula tontlnurd next page) 
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+cos ( b t + P )  cos ( 2 36ibp)-s in - (bt+B) sin ( 2 ,,ibP) --- . 

-+COS ( b t + P )  COS ( 3 36zbp)-sin - (bt+b)  sin ( 3  360bp a )] 
= ) F l F 2 B [ l + 2  cos - a a 

360bp+2 cos 3 -1 cos ( b t + ~ )  360bp+2 cos 2 - a 

a -1 cos (bt+b) 2 - 360bp 1 360bp 3360bp sin 2 - cos - - a 

sin 3- a 

l260bp 

=+F1F$[ sin sin T] 2 180 11 cos (b t+@).  (313) 

220. Replacing the equivalents of F, and F2 in (313),  the average 
value of the B ordinate as obtained by the secondary summations 
may be written 

1260bp sin ~ 

7 sin - 

Since the true ordinate of constituent B a t  any time t is e ual to 

augmenting factor necessnry to  reduce the B ordinate as obtained 
from the summations to their true values. 

This augmenting ftictor may be wFitten 

B cos (bt+B),  the reciprocal of the bracltoted coefficient will B e the 

180bp 

sin - [ 24a a n  n b P l ; ~ ]  -- [ 24 sin "";?'] - [i sin1-] (315) 

The first factor of the above is to be omitted if the primary sum- 
!llations are for constituent S. It will be noted that the middle factor 
18 the same as the au menting factor that would bo used if constituent 
B had been subjecte f to  the primnry summations. 

221. The phase lag or cpoch of a tidal constituent, which is repre- 
8entcd by thc Greek kappa ( K ) ,  is thc dift'ercncc between tho hase of 
the obscrvcd constituent and t,hn phase of its argument a t  t R e same 
b e .  This difference remeins a roximatcly constant for any con- 
stituent in a particular locality. J;l;lo phase of a constituent argument 

any time may be obtained from the argument formula in table 2 by 
making suitable substitutiOns for the astronomical eloments. The 
argument itself is represented'by tho  general symbol (V+u) or E and 

PHABE LAO OR EPOCH 
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' td phase ai. d i t !  pkrtahing to an initial ihstant of t h e ,  such as the 
beginning of a skried of 6beeWrrtims, is ex ressed by Vo+u 
series, the angukr huafitity (-r) is the cornea onding phase of the 

K= v,+U- (- f) = v,+ U+ 

ring to forfrilla (306),  shoe 0 ie regktme Ip from the L eginning Refer- of the 

observed constituent at thls time, The hase e ag may therefore be 
expressed by the following general fbmu P a: 

(3 16) 
222. S h e  the argument formulas of all short-period constituents 

cmtaih some multiple of the hour angle ( T )  of the mean sun, the 
argument9 themselves will have different values in different longitudes 
at the same inetant ot time. If equals the coefficient of T or the 
aubsbript of the constituent and equals the longitude of the place 
in de ees reckoned west from Greenwich, L bein considered as negn- 

argument for any constituent may be expressed as follows: 
tive F or east longitude, the relation between the f oca1 and Greenwich 

local (V+u)=Greenwkh (V+u)--pL (317) 
223. Also, since the absolute timc of the beginning of a day or 

the beginning of a year depends upon the time meridian used in the 
locality, the initial instant taken for the beginning of a series of obser- 
vations may differ in different localities even though expressed in the 
same clock time of the same calendar day. If we let S equal the 
longitude of the tune meridian in dcgrees, positive for west and nega- 
tive for east, the same meridinn expressed in hours becomes S/15. 
Letting a equnl the speed or hourly rate of change in the constituent 
argument the difference in argument due to the difference in the 
c?bsolute beginning of the series becomes aSll5, and the relation 
between the local and Greenwich argument due to this difference 
may be expressed n s  follows: 

(3 18) 
In thc above formula the local and Greenwich (V,+u) pertain to tlic 
same clock time but not the same absolute time unless both clocks are 
set for the meridian of Greenwich. 

224. Values of (Vo+u) for the meridian of Greenwich at  the 
heginning of each calendar year 1850 to 2000 are given in table 15 
for all constitucnts represented in the Coast and Geodetic Survey 
tide-predicting machine. Tables 16 to 18 provide differences for 
referring the arguments to other,days and hours of the ear. In the 

was treated as a constant with a value pertaining to the middle of the 
calendar year, If the Greenwich (V,+u) with its corrections is sub- 
stituted for the local (Vo+u) in formula (316), we obtain 

(319) 

225. The phase lag designated by K is sometimes called the local 
epoch to distmguish i t  from certain modified forms which may be uscd 
for special purposes. In  the preparation of the harmonic constants 
for predictions it is convenient to combine the longitud? and time 
meridian corrections with the local epoch to form a modified epoch 

local (V, + u) = Greenwich (V, + u) - p L  + aS/15 

preparation of table 15 that portion of the argumcnt inc 9 uded in the u 

K == Greenwich (V,,+u) - p L  + US/ 15 + t 
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deeignated by P' or by the omal g,  Tlw relation of the modified 
epoch to the 1 0 4  epoch may t b en Jw oxpressed by the following 
formula: 

MI or g=K+~L-aS/ lb=Greenwi~~~ (V0+u)ft  (asp) 
226. The phases of tho 0 ~ m o  tidal conwtitupnt in different arts of 

these involve tho longitudo of tho locality. FOF suph w comparison I t  
is desirable to have a Greenwich epoch that is independent of bc$h 
longitude and time meridian. Such an epoch may be designatod by 
the ca ita1 Q and its relation to the corresponding local epoch oq- 
presse f as followe: 

Greenwich epoch (0) =K+pL= arcenwich ( Vo+u) + aS/15 + t (32 1 ) 
227. The angle K ma be graphically represented by figures 7 

I n  figuro 7, we 3: avo a simple reprosentation of a single con- 

the world are not directly coinparable tlirsugh their l a d  epoc R 9 smce 

and 8. 
C 
m 
0 
L 

C C E 9 9 
8 
Y 
3 

0 

$ 
2 c c 

I I I  I I I 
*--- pL----+Cp[S L)+ r-CC---~-c~S I-)-----"--* I 

i 

--A 

I 
I i c .,i Tlme I .  I 

I c 
cS.---+! I 

Greenwich v,tu -W+------- - 
L - -- --Oca1 vo+U----A 

I 
..- - -Local epoch (IO-- --* 

r--- 
I 
L----- - - Greenwich epoch (G) 

FWIXE 8. 

stituent, In tllis figuro cliarigcs in the phasc or nnglc iirc mcusuretl 
along tho horizontal lino, ositive chan e toward tlic riglit and iicgp- 

beginning of tlic series, a t  wliicli time the anglc p e, or at, cqunls 0. 
At thc lcft of this vertical linc, tho symbol of u moon ( M )  indicutos 
tl!~ zero valuc of tlic cquiliLrium argumcnt that prccodos tlic bcgin- 
lllrig of the serics. For tlic principal luiiar ay solar oonstitucnt, this 
Will bo simultaneous with a trunsit of tlic rnean moon (modified by 
longitude of moon's nodc) or af tho mcan sun, and for otlicr short- 
Pcdocl constituents will) tho transit of a fictitious star rcprcscnting 
such coilstitucnt ( . 98). At tlic point rcpresrntcd by this moon, 
t!le u1g;Jc (V+u) P laa u. valuo of zoro This anglo incrcascs to tho 
1'1 h b ,  find a t  tlio bogiiinjiig of thc s e r k  has a valuo rcprcsentcd by 
(Bo-I-u), wllich mny bc readily computcd for the beginning of any 
sCric~, This intci*v~l from M to tho time of occurrcnce of tho first 
followin constituont liigli water is the epoch K. Tliis roprosents tlic! 
lag chrrcnco between tlic actual constituent high water n t  any 

tivc cliango toward tho Yeft. The fu 5 1 vertical liiic indiccttcs t h o  
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place and the theoretical time as determined by the equilibrium 
theory. The distance from the beginning of the series to the follow- 
ing h g h  water is the { of formula (300), which is determined directly 
from the analysis of the observations. From the figure i t  is evident 
that the K is the sum of (Vo+u) and {, and also that it is independent 
of the time of the beginning of the series. 

228. Figure 8 gives a mor0 detailed representation of the epoch of n 
constituent. I n  this figure the horizontal line represents changes in 
time. Distances along this line will be proportional to the changes 
in the angle of any single constituent, but since each constituent 
lias a different speed equal distances along this line will not represent 
equal angles for different constituents. The time between the events 
may be converted into an equivalent constituent angle by multiplying 
by the speed of the constituent. The figure is to some extent self- 
explanatory. The word ‘( transit” signifies the transit of the fictitious 
moon representing any constituent and also the time when the equili- 
brium argument of that constituent has a zero value. For all short- 

eriod constitucnts the time of such zero value will depend upon the 
rongitudo of the place of observation as well as upon absolute time. 
For long-period constituents the zero vsllues are independent of the 
longitude of the place of obscrvation, and the (‘transits” over the 
several meridians may he considered as occurring simultaneously, 
which is equivalent to taking the coefficient p equal to zero. The 
figure illustrates the relation between the Grcenwich (V,+u) calcu- 
lated for the meridian of Greenwich and rcferring to standard Green- 
wich time and local (V,+u) referring to the meridian of obscrvation 
and the actual time of the beginning of the observations. 

INFERENCE OF CONSTANTS 

229. Under the conditions assumed for the equilibrium theory the 
amplitudes of the constituents could be computed directly by means 
of the coefficimt formulas without the neccssity of securing tidal 
observations, and thc phases would correspond with the equilibrium 
arguments of the constituents. Under the conditions that actually 
exist it has been found from observations that the amplitudes of the 
constituents of a similar type a t  ar,y plncc, although differing greatly 
from their theoretical values, have a relation that, in general, agrees 
fairly closely with the rclations of their theoretical coefficients. It 
has also been ascertained from the results obtaincd from observations 
that  the cliffcrcnce in t h e  epochs or lags of the constitucnts have a 
rclntion conforming, in gcncral, with the relation of the differences 
in their spccds. This last rclation is based upon an assumption that 
the ngcs of the incqualitics duc to  tlic disturbing influence of other 
constitucnts of a similnr type nre equal when expressed in time. 
230. If the inenn amplitudes, epochs, nnd speeds of several constit- 

uents A ,  13, C, arc rcprcscntcd by II(A),  I I (R) ,  H(C), K(A) ,  K(B),  
K(C) ,  and a, b ,  c ,  rcspcctivcly, the above relations may be expressed 
by the following formulns: 

H(A) mean cocficicnt of I3 
mean cocfficicnt of A H ( B )  = 
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(323) 

By formula (322) the amplitudo of a constituent (B)  may bo inferred 
from the known amplitude of n constituent (A) ,  and by formula (324) 
the epoch of a constituent (C) may be inferred from the known epochs 
of constituents ( A )  and (B).  

231. These formulas have, howevcr, certain limitations. They 
arc not n plicable to shallow water and meteorol9gical constituents, 
nor are $cy adapted to the determination of a diuriinl constituent 
from ~1 semidiurnal constituent or of a scmidiurnul Constituent from 
a diurnal constituent. The results obtained by the npplication of 
the foi*mulas to tides of similar t pe may be considered only as rough 
approsimations to the truth. '&icy may, however, bc preferublc to 
the values obtained for certain constituents whai the series of obser- 
vations is short. 

232. By substituting the mean values of the cocfficicnts nnd the 
sperds from table 2 tlie following special formulas may be derived 
from thc gcncral formulas (322) nnd (324) 

Diurnal constituents 

H 
H 
H 
H 

€2 
Id 

rj 

(325) 
(326) 
(327) 
(328) 
(329) 
(330) 
(331) 

(332) 
(333) 
(334) 
(335) 
(330) 
(337) 
(3.78) 
(330) 
(340) 

(343) 

(341) 
(342) 

233. In ordcr to tcst the rclinbility of the rcsults obtained by infcr- 
Qce  as above, 60 stations rcprcscnting various types of tido in diffcrcnt 
Parts of tlw world wlicre thc harmonic. constants had been detcrmiiicd 
from obsrrvatioiis wcrp sclcctcd and ~1 comparison was made bctwecn 

valucs for cprtain constants as obtained by inference and by 
Observations. Tllp tcsts wcro npplied to tho diurnal constituents 
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M,, pl, and Q1, and to the semidiurnal constituents K,, L2, and v2, and 
formulns (326), (3281, {329), (3321, (333), and (342) werc uscd for the 
purpose. The followmg results were obtained for the differences 
between values as obtained from inference and from obsrrvations. 
The avernge gross d!fference 1s .the average difference without regard 
to the signs of the indivi$ual items, and the average net. difference 
takes into account these signs SO that a positive difference may offset 
a negative difference in the mean. The last two lines in the table 
show the percentage of cases in which the differences werc less than 
0.05 and 0.10 foot, respectively, for the amplitudes, and less than loo 
and 20°, respectively, €or the epochs. 

,mpll- 
tude 

FL. 
0.05 
.G1 .oo 

loo 

V I  
ampIi- 
tude 

FI. 0.29 

%71 

.M 

.M 

_-- 1-1- 

QI 
e m h  

De% 
-- 

105 
14 
0 

82 

" 
'Foeh 

-- 
Dc9b3 

14 
4 

48 
8 8 8 3  

- - 
PI 

unpll- 
tude 

t Y .  
0.27 .m . 01 

- 

%e5 
91 
- - 

LI 
ampli. 
tude 

n. 
1. OB 

.OB .w 
% P 

'?I 

Bv using forinulus (334) and (343) for L, and u2 tile 
sligl;tly improved, the average net differcnces for tlii arnplitildc and 
( p c h  of becoming O I O 7  foot and 3O, respectively, the differcncc for 
the epoch of v2 becoming 2 O ,  while the average net difference for tho 
amplitude of v2 remains unchanged. 

234. Although there is a fairly good agreement indicated by the 
average differences, i t  1s evident that tho inferred constants. especidly 
the epochs, cannot be depended upon for a high degree of refinement. 
It may be stated, however, that for constituents with very small 
amplitudes thc cpochs determined from bctud observations may bo 
equdy  unrdinble. This becomes evident when rcsults froin different 
yeam of observations are compared. Fortunatcly, the large dis- 
crepancies in epoclw are found only in constituents of small amplitude 
and arc therefore of little practicd Importance. 

235. Constituent pz ns dete-ined by inference is relatively unim- 
portant. However, this constituent has the same period rn the 
corn ound tide 2MS2 and when obtained directly from the anal' sie 
of ogservations frequently dlffere pnsiderabl from the IdferreI p, 
both in amplitude and epqch. The inferred v J Ues for this constituent 
cannot therefore be cpnsldepd aa very sa t i s fac tp~ .  

236. Prior to the el iminatp procees described In the hpxt section 
certain preliminary corrections am applied to tho &wp1itudes and 
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epochs of constituents S2 and IC1 because of the disturbing rffccts of 
K, and TP on the formor and P1 on the latter. I n  n short. scrics of 
observations these eff ccts may be considerable because of thc small 
diffcrcnces in tho periods of thc constituehts involved. 

and 

represent two constituents, tho first being the principal or predotni- 
nating Constituent and the latter a secondary constituent whose effect 
is to modify the am litude and epoch of the principal constituent. 

237. Let 
y1-A COS (at+&) (344) 

yl,=B cos (btS8) (345) 

(346) 
Values of t which will rcnder (344) a maximum must satjsfy the 

Aa sin (at+a)=O (347) 

(348) 

(349) 

The resultant tido wi f 1 then bo represented by 
Y=Y1+Y1=A COS (at+ a) + B  COS ( b t +  8) 

derived equation 

and the values of t which will render (346) a maximum must satisfy 
the equation 

Aa sin (ut+ol)+Bb sin (b t+8)=0 
For a maximum of (344) 

2n +-a +- 
a 

238. Lot --tho acceleration in the principal constituent A due to 

in which n is any integer. 

a 
e 

the disturbing constituent B, Then for a maximum of (346) 
2n r-a--8 

a (350) 6= 

This value of t must satisfy equation (348), therefore we have 

AU sin (2n *-e)+Bb sin [--(2n b +-e-a)+e] 

A t  the time of this maximum, whcn 
2n r-a--8 

t= J a 
the phase of conetituent A will equal 

and the phaso of constituent B will equal 
(2n r-a-e)+a 

b - (2n *-a--8)+/9 a 
Let +=phase of cohstituent B-phase of constituent A a t  this time. 
Then 

b-a 
$=. (2n n-a--8) 4-0-a (352) 
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Substituting t.hc above in (351) 
-Aa sin e f B b  sin (4-0) 
=-Aa sin e+Bb sin 4 cos 8-Bb cos 4 sin 8 
= - ( A a f B b  cos 4) sin e+Bb sin 4 cos 8=0 ( 3 3 )  

Then 
Bb sin 4 

Aa+Bb cos 4 tnn e= (354) 

239. For the resultant amplitude a t  the t.imc of this mcisimum sub- 
stitute tlic valucs of 2 from (350), in (346), and we Iinvc 

1 Y = A  cos (2n T-e)+Bcos[k (2n ?r-e-a)+p 

1 = A  COS e+ B COS [% (an T-e-a)+p-a-e 

= A  COS e+n COS (+e) 
= A  cos e+B cos 4 cos e+B sin 4 sin e 
= ( A S B  cos 4) cos e+B sin 4 sin e 

(365) 

240. From (354) 
(3tG) sin 4 = t,nn-l------- I3 sin 4 

f lu  e= ton-' . 
A i + B  cos 4 B + C O S  4 

n In tlic spccinl cases under considcration the ratio if; is nenr unity, 

nnt l  the differcncc betwecn 0 n n d  tan-' A+B sin cos 4 ~ is therefore very 

smnll, so thnt thc cosine mny bc taken as unity. 
Tlic resultant miiplitudc niny thcrcfore bc cxpresscd by 

J A ~ + B ~ + ? A B  cos 4 = A  /1+--3+2- cos 4 (357) 

Thc lruc nmplitudc of the constitucnt sought bcing A. the I-csultant 

I 3 2  13 
t A A  

nmplitutlc must be divided by the fnctor 

(355) 

in ordcr to corrcct for the influence of the disturbing constituent. 
241. TIE corrections for accclcration and nmplitudc ns indicntcd 

by formulns (356) and (358) mny to advantage be applied to tlic con- 
stants for constitucnt K, for nn npproximatc elimination of thc effects 
of constitucnt l', and to tlie constants for S, for an npproaimnte 
eliminntion of tlic cffccts of constitucnts K, and T1. By tnlting the 
relntions of tlic tlicorcticnl coefiicicnts for the ratios - nnd the differ- 
enccs in tlie cquilibriurn nrgumcnts as the approximate cquivalcnts 
of the phase clifferciiccs rcprcscntcd by 4, tables may be prepared 
giving the accclcra tion aiid rcsultnnt amplitudes with the argumcn ts 
referring to ccrtnin solar clcincnts. 

B 
A 

Thus, from table 2,  the following values may be obtained. 
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Effect 01 PI on KI.... .  . . . . . . . . . . __. . . 
ERect of Kz on SI. __ .  . .___.  . . -. . . . . . . 
Eflect cf Tz on SI.. . . _ _ _  _ _ _  .. .. . __. .~ 

Substituting the above in (356) and (358) we have 
Effcct of P, on K, 

sin (2h.-v’) 
Acceleration= tan-’ 3.0390-CO~ (2h-v’ )  

Resultant amplitude= 0.81 341.6767 - cos (2h- v ’ )  

Effect of K, on S, 
sin (2h-2v”)  

3 .6647$~0~  (2h-2~”) Acceleration = tan-’ 

Resultant amplitude == 0.73841.9734 + cos (2h- 2 v”) 
Effect of T, on S, 

-sin (h--pl) 
Accclcration= tnn-’ i7.0281 +cos (h--l)l) 

Resultant nmplitude = 0.34348.53 18 +cos (h- p l )  

242. The abovc formulas give t,hc nccclcrntions and rcsul ting 
amplitudes for any individual high wntcr. For thc corrcction of the 
constants dcrivcd from a scrics covcring mnny high waters i t  is 
neccssnry to tnltc nvcrngcs covcring the period of observations. 
Tables 21 to 26 give such averngo values for differcnt lcngbhs of series, 
the argument in each case rcfcrring to the beginning of thc,serics. 

I n  the preceding formulas the mcan valucs of the coefficients were 
A taken to obtain the ratios B.  To tnkc account of the longitude of 

the moon’s nodc, the nodc factor should bo introduced. If thc mean 
coefficients nre indicntrd by the subscript 0, formulas (356) nnd (358) 
may bc written 

sin 4 
Acceleration= tan-‘ 

f o A 2 ~ + c o s  ($ 
f(B) B O  b 

(365) 

f ( A )  243. I n  tlla cases undcr consideration tho rnt,io*-- will not differ 
. f ( B )  

greatly from unity, thc ratio A*a will be ratlicr lnrgo compnrcd with 
Jjd 

?, which can never cxcecd unity, and thc ncccleration itself is 
rclatlvcly small, Bccnuse of those conditions the following may be 
t a h n  as the approximate equivalent of (365): 
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.f( fi) sin C#I Acceleration= - tan-' 

n 
f(A) A.a+pos 4 

Bo6 
Also becuusc xc in thcse cases is small c o r ~ p y e d  

Resulting amplitudo=l +*t@[J1+($)1+2 f ( A )  2 cos 4-11 (368) 

T o  allow for tlir cffccts of tho longitude of the moon's node, the 
tnbular vnlue of tho acceleration should, thercforr, be multiplied by 

f (B)  the ratio -- and the amount by wliicli thc rcsultant amplitude 
f ( A )  

diffcrs from unity by the same factor. In  thc particular cases under 
consideration thc factor j ,  for constituents PI, Sz, and T2, is unity for 
each. 
=F(K1), and for the effect of Kz upon S2, this ratio is j (Kz) .  For tho 
effect of Tz upon Sz the ratio is unity. 

j ( B )  1 
f ( A )  - f W  Therefore, for the cffcct of PI on K1, the ratio 

. 

ELIMlNATlON 

244. Because of the limited length Qf a series of observations 
anal zed the amplitudes and epochs of the constituents as obtained 

the effects of each other. The separation of two constituents from 
each other might be satisfactorily accomplishcd by having tho longth 
of series equal to a multiple of the synodic period of the two can- 
stituents. To completely effect the separation of all the constituonts 
from each other by the same process would require a series of such 8 
length that i t  would contain an exact multiple of the period of oach 
constituent. The length of such a series would be too groat to be 
given practical consideration. In  generrtl, it i s  theroforo desirable to 
apply certain corrections to the constants as directly obtained from 
the analysis in order to eliminate the residual effects of tho Constituent 
upon each other. 

245. Let A bo the designation of a constituent for which the true 
constants are sought and let B be the general designation for each 
of the other constituents in the tide, the effects of which aro to be. 
eliminated from constitucnt A. 

Let thc original tide curve which has been analyzed be represented 
by the formula 

in which 

by t t e processes already described are only approximately freed from 

y = A  COS ( ~ t + a ) + Z  B COS ( b t + D )  (369) 

y=the height of the tide above mean sea level a t  any time t. 
t=time reckoned in mean solar hours from the beginning of 

A=R(A)=true amplitude of the constituent A for the time 

B =R(B)=true amplitude of constituent B for the time cov- 

CY= - { ( A )  = true initial phase of constituent A 4t beginning at 

the series as the origin. 

covered by series of observations. 

ered by series of observations. 

series. 
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/9--t(q)=true initinl phase of constituent B a t  beginning of 

a=spoed of constituent A.  
b=fipced of constituent B. 

sor1os. 

246. Formula (369) may be writton 
v=A 00s a cos at+Z B cos { (b-u)t+p] :os d 

- A  sin a sin at -2  B sin [ (b-u)t+p] sin ut 
= A COS a+Z B COS { ( b - ~ ) t + p ) ]  COS at - I A sin 013-2 B sin { (b -u ) t i -p ] ]  sin ut (370) 

Tho mean values of the coefficients of cos at nnd sin at of formuln 
(370) correspond to the coefficicnts CD nnd S,, of formulas (295) ant1 
(298) which nrc obtaincd from the summations for constitucnt A .  

247. Let A’ and a’= the uneliminated nmplitudc nnd initinl phnsc, 
rcspcctivcly, of constitucnt A ,  as obtnincd directly from thc nnnlysis. 

The cquntion of thc uneliminatcd constitucnt A tidc may be written 
y=A’ cos (ut+a’)=A’ cos a’ cos at--A’ sin a’ sin at (371) 

Comparing (370) nnd (371), it will be found t l in t  
A’ cos a’=rnoan vnlue of [ A  cos a+Z B cos { (b - -a ) t+8) ]  
A’ ain a‘=menn value of [ A  sin a+Z n sin { ( b - u ) t + P } ]  

(372) 
(373) 

Thcn tlic mcnn 248. Lot .r=longtli of series in mean solar hours. 
valuo of 

B COS { (b-u)t+p] witiiin tlic limits t = ~  nnd t=7,  is 

(374) 

The mean vnluo of B sin { (b--n) t+p] within the snmc limits is 

[COS { (b-U)7+/3}-COS p] i sn  n :b sin {(b-u) t+p}dt=---  -- 
A (b-a)7 

(375) 

Substituting (374) nnd (375) in (372) nnd (373), nnd for breviLy 
letting 

(376) 
180 sin $(b-a)7, 

F b = -  7r i ( b - n ) l  
llrtV0 

A’ COS a’=A COS o ~ + Z  F b  COS { t ( b - U ) ~ + f i ]  (377) 
A’ sin a’=A sin a+Z F b  sin {3(b-a)7+8}  (378) 

Transposing, 
A COS CY=A’ COS d-2 Fb COS {3 (b -n)7+ /3 }  
A sin a=A’ sin d - 2  Fb sin (4(b-u)7+l3) 

(379) 
(380) 

Multiplying (379) and (380) by sin a’ and cos a‘, respcctively, 
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A sin a’ cos a=A’s in  a’ cos a’- 2 Fb cos { ; ( b - u ) ~ $ - / 3 ;  sin a’ (381) 
A cos a‘ sin a= i l ’ s in  U’ cos a’- Z Fb sin { i ( h - u ) r + b i  cos a’ (382) 

Subtracting (382) from (381) 
(388) A sin (a’-a)=?; F,, sin {4(6-(0r+b-cu‘j 

hIultiplying (379) nnd (380) by cos cy’ nntl  sin a’, rrspcctivdy, 
A COS a’ COS a=A’ COS* a’--S Fb COS {$(b-(L)r+/3!  (’OS a’ (384) 
A sin cy’ sin a=A’sin’  a’ -Z F b  sin <:+(b--a)r<-/3) sin a’ (385) 

Tnking the sum of (384) nnd (385) 
A COS (a’-cy)=A’-Z Fb COS { + ( b - ~ ) ~ - t - / 3 - ~ ’ }  (386) 

Dividing (383) by (386) 

(387) 

(388) 

249. Substit.uting the value F b  from (376) nnd the equivalents 
R’(A), R(A) ,  R(B),-f’(A)-f(A), and -f(R) for A’, A, B, a’, cy, and 
P ,  rcspect.irely, wc hnvc by (387) and (388) 

tnn (a‘- cy) = 2 F,, sin {$(b-a)r-I-b-a’j -. - 

At-2  I;’ b cos {i(b-n)7+b-cy’j 
From (386) 

A=-  A’-->; Fb COS { 3 ( b - ~ a ) ~ f b - a ’ }  
cos (cy’--) 

tan [f (4 - Y (4 1 = 

250. Formula (389) givcs ni l  esprcssion for obtniiiing the difference 
to he npplicd to tlic uncliminntctl { ’ ( A )  in ortlcr to obtnin the true 
T(A) ,  and formilla (390) pivos nn csprcssion for ohtnining thc true 
amplitutlc R ( A ) .  T l i c s ~  f01~1ii111:is e n m o t ,  lion.cv‘cr, bc rigorously 
applied, bccnusc thc truc vnlucs of R(B)  ant1 ( ( B )  of tlic disturbing 
constiturnts nrc, in gonrrnl, not Imon-n, but very satisfactory results 
rnny be obtninctl by usiiig tlic tipproximntc vnlucs of B(B)  and { ( B )  
derived from the nnnlysis or by inl’cwncc.. 

By n sc.i*ics of succcssivc npprosimntions, using cncli time in the 
formulns the newly climjnntctl vnlucs for t lic tlisturbing constitucnts, 
nny dcsirctl tlcgrcc of rcfiiicmcnt mny 1)c obtained, but the first 
approximnlion is iisii:illy suf ic imt  tint1 nl l  tliiit is just  ificd bccnusc 
of the grcntcr irrcpulnritics cixisting from other causcs. 

251. Form 245 (fig. 19) provides for tlic computntions ncccssnry in 
applying forrnulns (389) and (390). In tlicsc foi-mulns tlic factors 
rcprcscntcd by - --- nntl tlic nnglcs rcprcsentctl by  180 sin a(6-a), 

7 ; ( b - ~ ) r  
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$ ( b - - a ) T  will dcpcnd upon llic lcngtli of scrics; but for any givcn 
length of scrics tlicy will be constnnt for nll times and plnccs. Talllc 
29 has been computed to givc tliesc quantitics for difforcnt lcngtlis 
of series. Thc fnctor ns dircctlv obtained mny be either positivc or 
negative, but for convcni(~ncc the tabulnr values are all givcn ns 
positive, and when the factor as dircctly obtained is ncgntivc the 
angle has been modified by f180' in order to compensate for the 
change of sign in the factor and permit the tabulnr vnlucs to bc used 
dircctly in formulas (389) and (390). 

252. An examinntion of formulas (389) nnd (390) will sliow thnt the 
disturbing effcct of one constitucnt upon another will dcpcnd largely 

Assuming tlint 6 is 

not equnl to a ,  this fraction and the disturbing effect it reprcscnts will 
approach zero as tlic length of scrics T approaches in value --) or 
any multiple thcreof, or, in othcr words, as T approaches in length 
any multiple of tho synodic pcriod of constituents A and B. Also, 
since tlie numerator of the fraction cnn never tbxcced unity, while the 
denominator may be increased indefinitely, the value of the fraction 
will, in gcneral, he diminished by increasing tlic lcngtli of scrics nnd 
will approach zero as T approaches infinity. The greater the dif- 
ference (6--a) between the spceds of the two constitucnts the less 
will be their disburbing effects upon each otlicr. For this rcnson 1110 
cffccts upon each othcr of thc diurnal and scmidiurnal constituents 
are usually considcrcd as negligible. 

253. The quantities R(B) and { ( B )  of formulns (389) nnd (390) refer 
to the truc ainplitudcs nnd epochs of thc disturbing constituents. 
These truc values being in gcncrnl unknown when the elimination 
p c e s s  is to  bo applied, i t  is desirable that thcrc should be used in tlie 
ormulas the closest approximation to such vnlucs as nre obtainnble. 
If thc series of observations covers a pcriod of a year or more, the am- 
plitudes and c ochs ns directly obtained from the analysis may bc 
considcrcd su&ciently close approximations for USC in thc formulns. 
For short scries of observations, however, the values as directly 
obtained for tlie amplitudes and cpoclis of some of the constitucnts 
may be so far from the true vnlues that they are cntircly unservice- 
able for usc in tlie formulas. In such cnscs infcrred vnlucs for the 
disturbing constitucnts should be used 

sin + ( b - n ) ~ .  
upon thc mngnitude of thc fraction 3 ( b  - a) T 

3G0° 
(h--a) 

LONG-PERIOD CONSTITUENTS 

254. Tlic preceding discussions hnvc becn especially npplicable. to 
reduction of tlic short-period constituents-those having a period 

0f .a constitucnt day or less. They nrc the constituents tlint detcr- 
m!ne tlie daily or scniidnily rise nnd fall of tlic tide. Considcrntion 
Will now bc givcn to the long-pcriod tides which affect the menn level 
of the watcr from day to Jay, but which liavo practically little or no 
effect upon tlic times of the high and low waters. Tlierc nro five 
such long-period coiistitucnts thnt are usunlly trcn tcd in works on 
llarmonic analysis-thc lunar fortnightly Mf, tlic lunisolnr synodic 
fortnigli tly MSf, t1w lunar monthly Mm, tlic solnr scminnnual  sa, 
and thc solar annual Sa. The first tlircc arc usunlly too smnll to be 
Of Practical importancc, but tlic last two, dcpcnding lnrgcly upon 
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meteorological conditions, often have an appreciable cffcct upon the 
mean daily level of the water. 

255. To obtain the long-period constituents, methods similar to 
those adopted for the short-period constituents with certain modifica- 
tions may be used. For the fortnightly and monthly constituents 
the constituent month may be divided into 24 equal parts, analogous 
to the 24 Constituent hours of the day. Similarly, for the semiannual 
and annual constituents the Constituent year may be divided into 
24 equal parts, nlthough i t  will often be found more convenient to 
divide the year into 12 parts to correspond approximately with the 
12 calendar months. 

256. Instead of distributing the individual hourly heights, as for the 
short-period constituents, a considerable amount of labor can be 
saved by using the daily sums of these heights. The mean of each 
sum is to be considered as applying to the middle instant of the period 
from 0 hour to 23d hour; that is, at  the 11.5 hour of the day. If the 
constituent month or year is divided into 24 equal parts, the in- 
stants separating the groups may be numbered consecutively, 
like the hours, from 0 to 23, with the 0 instant of the first group 
taken a t  the cxact beginning of the series. A table may now be 
prepared (table 34) which will show to which division each daily 
sum, or mean, of the series must be assigned. 

257. Letting 
a= the hourly speed of any constituent, in degrees. 
p=l  when applied to a monthly or an annual constituent, and 
p = 2  when applied to a fortnightly or a semiannual constituent. 
d = day of series. 
s=solar hour of day. 

Then 

(391) 

(392) 

(393) 

Dividing the constituent month or year into 24 equal parts, the 

(394) 

Therefore, to express the time of any solar hour in units of the con- 
stituent divisions to which the solar hourly heights are to be assigned, 
the solar hour should be multiplied by the factor u/15p. 

Thus, 

360 
a 1 constituent period=- solar hours 

and 
1 const,ituent month=- 360p a solar hours 

1 constituent year==’ U solar hours 

1 constituent division=* a solar hours 

also 

length of 

a 
Constituent division=- (solar hour of series) 

15P 
a 

15P 
a 

15P 

-- - [24(d-1)+8] 

[24(d- 1)f 11.51 =I - (395) 
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since in using the daily sums, the solar hour of the day to which each 
such sum applies will always be 11.5 hour. 

By substituting the speeds of the constituents from table 2 the 
a following numerical values are obtained for the coefficient -: 

15P 
Mf, 0.036,601,10; MSf, 0.033,863,19; Mm, 0.036,291,65; 

Sa and Ssa, 0.002,737,91. 
By using the appropriate coefficient and substituting successively 
the numerals corresponding to the day of series (d), the corresponding 
value of the constituent division to which each daily sum is to be 
assigned may be readily obtained. The value of such division as 
obtained directly from the formula will usually be a mixed number. 
For table 34 the nearest integral number, less any multiple of 24, is 
used. 

258. The distribution of the daily sums for the analysis of the long- 
period constituents may be conveniently accomplished by copying 
such sums in Form 142 (fig. 12), taking the coFstituent divisions as 
the equivalents of the constituent hours ant1 using table 34 to deter- 
mine the division or hour to which each sum sliould be assigned. 
The total sum and menn for ench division mny then bo readily ob- 
tained. These ineans can tlien bo treated as the hour1 menns of the 
short-period tides according to the processes outline d in Form 194 
(fig. 16) with such rnodificatione as will now be described. 

259. In  using the daily means as ordinates of u. long-period constitu- 
ent consideration must be givon to the residual effects of any of the 
short-period constituents upon such means and steps taken to clear tho 
means of these effects when necessary. Constituent S, with a period 
c9mrtiensurate with the solar day, may be considered as being com- 
pletely eliminated from each daily mean. Constituents and K? 
are  very nearly eliininated becaiise ,the K day is very nearly equal 
to the solar day. Other short-period constituents mny affect the 
daily means to a reater or less extent, depending largely upon t4heir 
amplituties. Of t Fi icse the principal ones nre cor~stituonts M2, Nz, nnd 
0,. In the distributian and groupin$ of the daily means for the 
analysis of the several long-period constituents tho disturbing effects 
of the short-period constituents just  enumerated, excepting the effects 
of M, upon MSf, will be greatly reduced, and in a series covering 
several years rnay be pra-tlcally eliminnted. Becnuso the eriod of 

rgniain a residunl effect of tlie constituent M, in the constituent MSf 
sums of the daily means, no matter how long the series, which must 
be removed by a special process. 

260. Let the equation of ono of the short-period constituents be 

Lettinp d=day of series, the values of t for the hours 0 to 23 of d 
day will bo 

Substituting them values for t in (396) and designatin the corm- 

arc oht3ned: 

MSf is tho same as tlie synodic period of Mz and S2 thero wj P 1 always 

y = A  COS (d+a) (396) 

24(d-l), 24(d-l)+l,  24(d-1)+2, . . , 24(d-1)+23. 

spondin values of the ordinate y as yo, yl, ya . . . . yza t % e following 
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I yo = A  cos [24(d-l)a+a] 

- - - - - - - - - - - - - - _ _ _ _ _ - _ _ _ _ _ _  

1~2a=A COS [ 2 4 ( d - l ) ~ + u + 2 3 ~ ]  
Representing the menn of tliese 24 ordinates for d d n j  by g d ,  we have 

1 y d = g  A cos {24(d-- l )d+a}  [l+coe a+cos 2 ~ + , - - ~ - t c o s  23a] 

1 -- A sin {24(d--l)n+aj[sin n+sin '&+----+sin 23(!] 24 
1 sin 12a 23 

-- -24 A 81n ---[cos $ha {24(d-I)u+cu} COB 5 u 

-sin {24(d-l))a+aj sin - n 23 2 1 
COS { 24 (d- l)a+a+ 1 1 , 5 ~ }  1 sin 1Zcc 

ein )$a =z;i A (388) 

261. Formula (808), rep,menting the nvernge vnlrie of the constitu- 
crit A ortlinnlcs contitined In the tlnily menn ford clay, is the correction 
or clearrinrc tlint niust be suhtrnctctl froni the iiienn for tliiit. thy in 
order to elimiiintc tlic effects of A.  It will be notctl tliiit if we let 
A represcnt ntiy of the solur constituents, SI. S,, SJ, S,, et(.., thc 
fnrtor sin 1?a, nnd consequently the entire formuln, beconies zero for 
nl l  vnlries of r l .  By formula (398) c*learanccs for encli of the tlistirrbjna 
sliort-period constituents for each day of serics iiiny he computed an8  
these clenrnnces then n plied individrinlly to the tlnily inenns, or, if 

262. 'l'lic lnbor involvctl i i i  ninking intlcpcndcn t cnlculntions for 
tlic clcnrnncc of tlic cflrct of cncli sliort-period coiistitucn t for cncli 
dny of series woulcl bc consitlcrnble, but  this niny bcl avoitled to R 
Inrgc cstcnt by mcnne of n titlc-coniputing mncliiiic. 

If we lct t=timc rd ;oncd  in mcnn solnr hours froin tlic beginning 
of tlic scriw, tlicn for ruiy vtiluc of yd, which must npply to  tlic 11.5 
liour of d day, 

nnd 
~ . ? = 2 4 4 ( d - l ) ~ + l l . 5 ~  (399) 

If thc abovc cquivalcnt is substituted in (398) ant1 u,, rcplnccd by 

first multiplied by the P actor 24, to thc tlnilv slims. 

t=a4(d-1)+11.5 

which represents n continuous function of t; aiid for nny vnluc of 1 
corresponding to  t h  11.5 hour of d day thc correspoiiding value of 
y, will be yd. This formula is the same as that for the short-period 
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in the 1 sin 12a constituent A, except that  i t  includes the factor -- 24 sin ja 
coefficient. The spccd a is a known constant and tho values of A 
and CY are presumed to have already been determined from the har- 
monic analysis of thc short-period constituents. Similarly, the dis- 
turbing cffccts of other sliort-period constituents may be represented 
hv 
" J  

ctc. 

The combined disturbing effect of all the short-period Constituents 
may, therefore, be reprcscnted by the equation 

1 sin 12b 
24 sin $ b  +- B -.- COS (bt+P)+etc. 

263. This formuln is ndnptcd to use on the tide-computing macliinc, 
With the constituent cranks set in accordancc with the cocfficicnts 
and initial e ochs of tlic abovc formula, tlic machine will indicate 
the values o P y corresponding to successive values of t .  Tlic values 
of y desired for the clearances are tliosc which correspond to 1 at tlie 
11.5 hour on each day. Tlius, tlie clearance for each successive day 
of scries may bc read directly from the dials of tlic machine. I n  
practice, i t  may bc found more convenicnt to use the daily sums 
rather than the daily means for the analysis. In  this case the co- 
efficients of the terms of (402) should be multiplicd by the factor 24 
bcforc being used in the tide-computing mnchinc. 

264. Assuming that all the daily sums are used in the analysis, the 
augmenting factor reprcscnted by formula (308) which is uscd for 
the short-period constituent is also applicable to the long-period con- 
stituents, with p rcprescnting the number of constituent periods in a 
constituent month or year. equals 1, and 
for Mf, MSf, and Ssa, p equals 2. For thc long-pcrio (f constituents a 
further correction or nugmcnting factor is necessary, bccause the 
mean or sum of the 24 hourly heights of tho day is used to represent 
the single ordinate at the 11.5 hour of the day. 

265. If we let formula (396) be the equation of the long-pcriod 
constituent sought, formula (400) will give the mean value of tho 24 
ordinates of thc day which, in the grouping for the analysis, is taken 
a? representing tho 11.5 hour of tho day or the td hour of the series. 
Since the true constituent ordinate for this hour should bo A COB 

(ah-l-a), it is evident th~t.an.augmegting.factor of 24 sina m p t  be 
applied to the mean ordinates as derived from tho sum of tho 24 
hourly heights of thc day in order to reduce the means to the 11.5.  
hour of each day. 

Thus, for Mm and Sa, 

sin ja 
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266. The complctc augmenting factor for the long-pcriod constit- 
uents, tlic year or inontli being represented by 24 nicans, will be 
obtainctl by combining the above factor with that given in formula 
(308). Thus 

(403) 
*P 24 sin +a 

augmen t.iiig fact.or= I ~ p x  sin 12a 
24 sjn I- L 

If the year or month is rcprcscntcd b only 12 means ns when monthly 
mcnns arc uscd in evaluating Sa anJSsa ,  the formula bccomcs 

24 sin ;a augmcnting factor= X-- 12 sin 15p sin 12a (404) 

Values ohtnincd from tlicsc formulns nrc givcn in tablc 20. 
267. Thc following mctliocl of rcvlucing tlic long-poriocl titles, which 

conforms to the system outlined by Sir Gcorgc 11. Darwin, differs to 
somc cstcnt from that just dcscribod. In  this discussion i t  is assumed 
that a scrim of 365 days is uscd. Let tlie entire tide clue to tlic five 
long-pciiod constituents nlrcatly nnmcd bc rcprcscntcd by tlic cquntion 

(405) 
1- U cos (dt +6) +E cos ( e t  + e) 

268. For c o i ~ v ~ ~ ~ i i c ~ i c c  in this discussion let t be rccltoncd from tho 
11.5th soliir liour of tlic first day of series instcad of tlic midnight 
beginning that day. Every vnlric of t to which the daily incans refer 
will thcn be either 0 or a inultiplc of 24. 

y = A  COS (at+a)+B C O S  (bt+P)+Ccos (at+y)  

Let A’, B’, C’, D’, and E’, (qunl 
A cos a, U cos p, C cos y, U cos 6, nnd E cos e, rcspcctivcly, and 

A“, B“, C“, D”, antl E“, equal 
- A  sin CY, - B sin b, --C sin y, - D sin 6, and --E sin E, respcctivcly. 

(406) 
Then fo~~niula (405) may be written 

y=A’ cos at+B‘ cos bt+C’ COR ct+D’ cos &+E’ cos et 
(407) 

In the nbove equntion t l w e  iirc 10 unknown qunntitics, A’, A”, 
R’, B”, rtc. ,  for which vnlucbs nrc soiight in  nrclcr to obtain from them 
the tiinplitudcs antl epochs of t lw iivc long-prr’iotl constitucnts. Tho 
most prolmblc values of tlicsc cl\itintiticss may l)c found by tlic least 
sq unrc iitl j us t m m  t , 

2S9. IIPt y , , . y L 1  . . . . y 3 0 5  I*cpl*cscnt tlic dnily mcaiis for a 305 rlny 
scrics, ns obtaincd from olwrvntions. If wc lot n I)c uny clay of tlic 
srrivs, tlic vnluc of t to wlijcli tlint I n m i  npplics will bc %(n- 1 ) .  
By substituting i i i  formuln (407) tlic succcssivc valiios of y iiiitl tho 
values of t to wliicli t1ic.y c o ~ ~ ( ~ s p o i i d ,  3 G 5  obscrvationnl cqunlions nro 
formed ns follows: 

+A” sin at+B”sin bt+C”’ sin ct+D” sin dt+E” sin et 
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!/I COP OCA' cos2 O+B' COS 0 COS O +  * * . - 
+A" sin 0 cos OfB" sin 0 cos O f  . . 

?/? cos 24a=A' cos2 24afB' cos 24b cos 24nf . . . . 
+A" sin 24a cos 24n+B" sin 24b cos 24af . . . 

- - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - ~  
?/RB)cos (24X364a)=A1 cos' ( 2 4 x 3 6 4 ~ )  

+B' cos (24X364b) cos (24X364a)+ - . 
+A" sin (24X364n) cos ( 2 4 x 3 6 4 ~ )  + B" sin (24 X364b) cos (24 X364a) + . . - . 

e 

1~1=A' COS 04-B' COS O +  . . . . 
+A" sin Of13" sin O f  . . , . 

ya=rl' cos24a+B'cos24bf . . . . 
+A" sin 24a+B" sin 24b+ . . . . 

+A" sin 24X3G4n+Bf'sin 24X364bf I . . . Y ~ ~ ~ = A '  COS 24X364a+Bf COS 24X364bf . . . . 

(409) 

n-3M 
+B" sin 24(n--l)b cos 24(n-l)a 

n - 3(15 

n-1 
+ C" sin 24(n--l)c cos 24(n--l)n 

11 - Wt 
n = l  

+D' C COS 24(n.-l)d COS 2 4 ( ~ - 1 ) n  
n-305 

n - l  
n=W5 

n- I 
n=WS 

n=-1 

+D" sin 24(n--l)d cos 24(n-l)n 

+E' cos 24(n-l)e cos 24(n-l)a. 

+E" sin 24(n-l)e cos 24(n-l)u (410) 

~~rliicll is the normal equation for the unknown quantity A'. 

'lMntity AIf 
271. In a similar manner we have for the normal equation for tho 
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Z yn sin 24(n-l)a 
=A’ Z cos 24(n--l)a sin 24(n--l)a+A” Z sin2 24(n-l)a 
+B’ 2 cos 24(n--l)b sin 24(n-l)a+B” Z sin 24(n--l)b sin 24(n--l)a 
+C’ Z cos 24(n--l)c sin 24(n-1)a+Ct’ 2 sin 24(n-l)c sin 24(n-l)a 
+D’ Z cos 24 (n- 1)d sin 24 (n- l)a+D” 2: sin 24 (n- 1)d sin 24(n- 1)a 
+E’Z cos24(n-l)e sin 24(n--l)a+E’’ Z sin24(n--l)e sin 24(n--l)a 

the limits of n being the same as before. 
Normal equations of forms similar to (410) and (411) are easily 
obtained for the other unknown quantities. 

changing the notation of formulas (265) to (26i) the fol- 

(411) 

272. B 
sin 24na cos 24 (72 - 1)a 

sin 24a 

lowing re 9 ations may be derivcd: 
n=305 

n- 1 
cos2 24 (n-l)a=an+$ 

(412) 
sin 8 7 6 0 ~  cos 8736a 

sin 24a =1823+$ 

11-306 sin’24na cos 24(n-l)a C sin2 24(n-l)n=$n-4 
n-I sin 24a 

(413) 
sin 876Qa cos 8736a 

sin 2412 =l82$-4 - 
n-am 
C COS 24(n--l)b COS 24(n--l)a 
n-1 

sin 12n(b--a) cos 12(n--l)(b--a) 
=3  sin 12(b--a) 

,sin 12n(b+a) cos 12(n--l)(b+a) 
+T sin 12(b+a) 

sin 4380(b--a) cos 4368(b--a) 
= 3  sin 12(b-a) 

sin 4380 (b+a) cos 4368(b+a) 
+3  sin 12(b+a) 

n-386 

nu1 
sin 24(n- 1)b sin 24(n- 1)a 

sin 12n(b--a) cos 12(n-l)(b-u) 
=3  sin 12(b--a) 

sin 12n(b+a) cos 12(n--l)(b+a) 
-3 sin 12(b+a) 
sin 4380(b--a) cos 4368(b--a) 

-3 sin - -  4380(b+a) cos 4368(b+a) 
=3  sin 12(b--a) 

sin 12(b+a) 

(414) 

(415) 
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81 - 305 

P'1 
sin 24(n--l)b cos 24(n-l)u 

sin 12n(b-u) sip 12(n-l)(b-a) 
=4 sin 12(b--a) 

++ sin 12n(bra)  _ _  sin 12(n-l1')(b-u1 
sin 12(b+a)- 

sin 4380(b-u) sin 43G8(b--(1; 
= f i  SiIl 12(b-U,) 

273. By sulst.ituting in (412) to (416) t11c nunwrkd d u e s  of 
U, b,  etc., from table 2, thc corrcsponclin,a cqiiivnlrnts for these 
oxpressions are obtained. Thmc, in turn, niny he substitutcd in 
(410), (411), nnd similar eqiintioris for t.lic other iiiilrnowii auantitics 
LO obtnin t.lic 10 normal rauations rivcn below. In  ure 
equations t,hc symbols a, b,' c ,  d, R I ~  P arc taken, rcsp'c.cl 
speeds of constituents Mm, Mf, MSf, Sa, and Ssn. 

c yn cos 24(n- 1)n. 
n o  1 

Il=3tIS 

= 1 8 3.05 A' -+ 0.7 213' + 0.7 0 Cf + 4.  h 8 n ' T 4.9 (i 1:" + 2.14A" + 4.2913" + 5.04 C" - 0.34V" - 0.70 E'' 
11 - hi5 

t l r l  
y,, sin 24(n-l)u 

=3.i4A'-4.i~B'--1.!)OCf . - ~ 3 . ~ ~ ~ l ~ ' i - ; ~ . ~ ~ ~ . ' '  + 18 1 .95AN + 1 .O 1 B" -I- 1.06C" + 0.34 D" + 0. G6E'f 
n-065 c yn cos 24(n--l)b 

n = i  
=0.72A'+ 183.17R'+0.56C'- l.50D'- 1.51E' 
-4.15A"+0.88R"+0.92C"-0.09D"-~.18E" 

n~31if i  c yo sin 24(n--l)b 
n- i  

n = 36; 

n = i  

n - m  c yo sin 24(n--l)c 

=4.29A'+0.88B'+0.92C'+3.05D'+3.06E' 
f 1.01 A" + 181.83B" - 0.80C" - 0.08D" - 0.1 7 h'" 

C ?/n COS 24(n,-l)c 
0.76A' + 0.56R' + 183.1 OC' - 1.08D' - 1.70E' 

- 4.90A" + 0.92R" + 0.97c" - 0.1 1 D" - 0.2 1 K" 

11-1 

=5.04At$0.92B'+ 0.97C'+ 3.24D't  3.25E' + 1.06A" - 0. SOB" + 1 8 1.8 1 (7" - 0.1 0 D" - 0 I 20 E" 
n - m  
2 3, cos 24 (ne- 1)d 
n - i  

n-as:, 
1 1 9 1  ?In sin 24(n--l)d 

~ 4 . 8 8 A ' -  1.5OR'- 1 .G8Cf 4- 152.38D'-O.24R' + 3.80 A" + 3.05B" + 3.24 C" + 0.00 D" + 0.0 1 E" 

= -0.34A'-O.OF)B'-0.11 C'+O.OOD'+O.OOE' 
0.34 A" - 0.08 B" - 0.1 OC" + 1 82.62D" + 0.00 E" 

iing thcsc 
dy, ns t,he 

(4 1 7 ~ )  

(417b) 

(417c.) 

(4 1 i(l) 
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yn cos 24(n- 1)e 
=4.96A'-1.51Bf- 1.'70C'-OO.24D'+182.38E' 
+3.88AN +3.06B'' +3.25C"+0.00Df' +O.OOE" 

n=365 

n=1 
yn sin 24(n- 1)e 
= - 0.70A' - 0.18B' - 0.2 IC' + 0.01 D' +O.OO E' 

+0.68Af' -0.17B"-0.20C"+0.000''+182.62E" 

i (417e) 

274. The numerical value of the first member of each of the above 
normal equations is obtained from the obscrvations by taking the 
sum of the product of each dail mean by tlic cosine or sine of the 

A", B', B", etc., from which the correspondin values of quantities 
angle indicated. The solution o P the equations give the values of A', 

A and a, B and (3, etc., of formula (405) are rea f ily obtained, since 

- Aff 
A=J(A')2+ (A'')2 and a=tm-l-- A' 

In calculating tlic corrected epoch, it must bo kept in mind that tho 
t in this reduction is referred to the 11.5 hour of the first day of series 
instead of the preceding midnight. 

275. Bcforc solving e uations (417), if the daily means have not 

will be necessary to apply corrections to the first member of each of 
these equations in order to make the clearances. 

The disturbance in a single daily mean duc to the presencc of 8 
short-period constituent is represented by c uation (398). Intro- 

short-period constituents, the disturbance in the daily mean of the 
n t h  day of series due to the prescncc of the short-period constituent 
A, may be whitten 

already been cleared of t R e effects of the short-period constituents, it 

ducing the subscript s to distinguish the sym B 01s prrtaining to tho 

The disturbances in .the products of the daily nieans by 

cos 24(n--l)a and sin 24(n--l)a 

may therefore be writ.ten 
COS 24(n--l)U 

+COS {24(n-l) (U , -U>+~~ .~U.+CY.} ]  
nnd 

[yBIn sin 24(n- 1)a 

1 sin 12u, - - -A, -  [sin {24(n-l) (a,+a)+11.5n,+a,} -24 sin +a, 
-sin { 24 (n- 1) (a,-a) + 11.5a,+ a8}] 
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276. Thcn, referring to forrnulas (263) a i d  (264) 
n 4 0 5  
C [y,],, COS 2 4 ( n - l ) ~ =  
n = i  

cos { 12><364(cc,+a) - 11.5a8$ a,,} 

sin l2 X365(aB-ua) COS { 12 x 364(Q,-U) + 11.5</,$ a,}] (421) + tin 12(n,--a) 

[y,],, sin 24(n--l)n= 

(Llld 

n=am 

n= 1 

sin 12X365(u8-a) - 
sin 12(n,--n) sin { 12 X 364 ((la- a) + 1 1 ..%tu -+ a,}] (422) 

Now Ict 
A',= A ,  COS a, 

and 
A",= -A,  sin a, 

(423) 

COS { 12 X3G4((lb--) -f 11 .;in,} A", (426) 1 - sin 12X305(an-a) 
sin 12(n,-~) 



277. Formulas (424) and (425) represent thc clearances for any 
long-pcriod coiistitucnt A duc! to any short.-pcriocl coiistitucnt A,. 
Tlic first niust. he subt.ractet1 from terms correspondiiig to 
Z:y,cos 24(n- 1)n niid the latter from terms corresponding to 
Zy" sin 24(n.--l)a of formula (417) before solving the lnttcr. 

278. In (424) nnd (425) thc coeffrcicnts of A', :ind A",, which 
for brevity we may dcsignn.t.c 81s C', C", S', and S", rcspwtivcly, 
contain only vulucs t.lint arc coiistnnt for nll series niid may t,licrcforo 
be computcd once for nll. Sc1)nr:it.c sets of sucli coeficient.s niust, 
liowevcr, bo coii~pritc!tI for tlie cffcct of ~ucl i  short-pci,iotl corist.ituent 
lipoii cinch long-period colistitumt . In t,lic usiinl rcduct,ions in which 
tlic cffccts of 3 short-poriotl coiistit.uon ts iipon 5 loiig-pcriotl con- 
stitiicnts t i w  consitlcrctl, 15 sots of 4 coc4ficicnts cnch, or BO coeflicicnts 
iii all, arc iw~iiirctl. 

Thc cocfiicients nrc givcn i i i  tlie following t ih lo :  * 

! 
____ _-  ... ....... - .~ .- 

I 
Long.pcriod constitiients 

312 (C') ................................. -0.0658 . +o. I K U O  
(c') .................. .................I -0. mi I -0.o3ii  
(S'j ............................. ' -n, l iOs j +O.wli 
fS') ................................. I $0.0441 ~ +0.01115 

s, (CY.. .............. ...............I -(I. n w  ! - t o . 0 ~ 8  
(s') . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : -n.oz(iii I -n. IXI! 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  ' C ' )  . ,  - 0 . O i i f i  I -n.223D 

(s'j ................................... +O. 1133 -0.0854 
I 0, (c') .................................... I -n m.18 1 +n.oi f i~  

(c) I -0.3476 I -n.ni ix  ................................... 
(S ' )  ............................... _ _ _ _ _ !  -0.3452 I -i-O.O841 
(S') .................................... j +0.0405 I +O. 0338 

hTSf 

+ 5  i:i? 

- 2.840 - 5.727 

-0. 103H 
-0.12?1 

-_ -- 

-2. Y2J 

+n. o m  

- n. 08011 

_. __ 
Sn 

-0.1n41 
-0. Oi6t' 
- l I . o o l Y  
4-0. O W Y  

-0.017O 
i o .  0025 

+o. 0001 
+n. oooz 

____- 
SSH 

-0. lll4C 
-0.0755 
-0. no35 
+u. 00!lli 

-0.0178 
+O. 0026 

-+ 0. OOOS 
+o. 0004 

+ o . n i v  I -n. 102.1 -0. i g : ~  
-O.ORM , -n. 1 ~ 2 ~  j -0. 1x31 

+o. 0331 I +o. 0000 , +o. 0180 
I __._- +O. OX76 j -0. oO,l(i -0. 0003 

In tlic above tablc tho sign is so tnltcn tlint tho vnlucs are to be 
applicd to  tlic s u m  directly ns intlicntcd. 

279. After the clcai*niiccs hnvc bccm applicd find thc nolmil cqun- 
tions (417) solved nnd tlic resulting umplitudc nnd cpocli obtairicd for 
cadi of tlic long-period constituents, tlic rcductions will be completed 
in accordancc with tlic processes nli-cady outlined, hut i t  must, be ltcpt 
in mind that in this rcductioii thc initial valuc of t is tnlrcn to corre- 
spond to 11:30 a. in. on the first day of series. I n  obtaining the nu- 
mcrical values of such quantities ns x ? ~ ,  cos 24(n--l)a rind x ? ~ ,  sin 
24(n-l)a,  in ordcr to avoid thc Inbor of scparntc multiplications for 
each day, thc following nbbrcviations liavc h e n  proposcd by tho 
British authorities. The vnlucts of cos 24(n- 1)a nntl of sin 24(?~- l )a  
are divided into 11 groups nccortliiig as tlicy fnll Iicnrcst 0, 0.1, 0,3, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1.0. Tlic daily vnliics arc tlicri (lis- 
tributcd into 1 1  corrcspondiiig groups, so that (111 vnliies in  one group 
will be multiplicd by 0, nnothcr group by 0.1, ctc. 'nit cos 24(n-1)0 
mid sin 24 (n - 1)a inclutlc ncga tivr n s  well as positivc vnlucs. Tlic 
forincr arc tnltcn iiito nccount by clinngiiig the sign of tlic dnily nicn11 
to  which thc negntivc vnlues apply. 

280. As a part of tlic roiitiiict rcductions of tho tidnl i-ecoids froni tlic 
principal tide stations i t  is tlic prncticc of tlic office to obtain the 
incnn sca level for cnch calcntlnr mo~it l i .  I t  is tlicwfom tlcsirn1)lc t o  

*From Scientlflc I'npeis by Slr George H.  Dnrwin, Vol. I, p. 04. 
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linvc n mctliod of using these Incnns directly in tlic nnnlysis for the 
nnnunl i i n d  scmiiimiiial constitucnts, th i i s  nvoiding nny spccinl s111n- 
mntion for thc piirposc. The period of the nnnual constitucnt is ap- 
proxiinntcly tlir lcngtli of tlic Julinn ycnr, thitt is, 3G5.25 dnys. If this 
pcriotl is divitlcd iiito 1 2  q u n l  groups nnd thc mrnn of tlie Iiourly 
hrigli t s  for cnch group tnlrcn, thcsc iiicnns rq)r(wiii, t lic npprosimntc 
licig11t of t l i c x  colii1)ined nnniinl n n d  scininnniicil coilstit ucnts for tho  
i n i t l t l l c  of o t i ( ~ 1 i  group. t i i i t l  t l i v  niitltllc of t l i c  fir.;t groiip will 11(, tlic 
I i i i t  i:il point from wliicli tli(, xcatn (<) ns ol,taii~c.tl I)y t 1 i ~  uslid ~ ~ O C ~ ~ S S  

IS ml'ciwtl. -4s c n c l ~  y * o i i p  i v p i ~ w i ~  t s  :;oo of mot ion for 1 1 1 ~  iiiiiiiinl 
coiistitiiciit, 01% GOo for tlic sclni:imiiinl coiictiti~c~iit, tn r c b f r r  tliis [ to  
t l i c  ricLiial lxyiniiing of tlic scrios of obswvnt ioiis iL will lw nccclssi\rr 
1 0  ripply u coi~~*cc*tioii of 15' for tlic niiniinl coiistitiicnl or 80' for the 
~ ~ ~ i n i i i i i i c i l  co i i~ t i t i~o~ i t .  

281. In obtiiiiiiiig tlic montlily incans 1))- cnloiidnr months tlic ycnr 
is cI iv i t IvcI  oiily opl)i*osiiiintc*ly iiito 12 (qiinl grorips. T h e  following 
t:iblib sliows tliv tliffcrciicc h t w w i i  tlic niitldlc of wch  group rcprc- 
sibiitiiig n calcntlnr month iiiid tliii middlc of tlic cnrrcspontliiig group 
obtnincd by dividing t,lic Julinn ycnr into 12 cclrinl pnrts. I t  IS to  be 
noted tlint tliv Iioiirly h(tigli ts iric~liitlctl in n nioi i  tlily sum cxtcncl from 
0 liour on tlic lirst (lily of tlic inontli to tlic 28d liour 011 tlic lnst day. 
Tlic niitltlle of thc group as rcol<oncrl from tlic hcginning of tlic month 
l\7111 tlicrcforc be 13.98 days, 14.48 dn;\-s, 1.1.9s (1nysq or 15.4s days, 
rc'spcctivcly, ncrording to  n-lictlicr thci inonth lins 28, 29, 30, or 31 days. 

31nnth 

...... -- .... ... 

Jllt l l l i l ly.. ...................................... 
1'cbiii:irv ......................................... 
11 Ilrdl. : .......................................... 
AiIri l  ......................................... 

.......................................... 

.......................................... 

........................................... 
."IC'lSt 
~ e l l l e t r i l i r r .  ................................... 
~ . c ~ ( ~ t w r .  ........................................ 
. IIPPlnhor ...................................... 
i ) rrr~~~hcr.  ........................................ 

........................................ 

sums..  ...................................... 
-\lcnucl.. ..................................... 

..-- -__- ~ 

~ i i t l ~ l l o  nf yrniip rrcknncd 
from bcginniii~ nf yrnr I D'flerenres 

............................. .........I. ....'..........I -11 .24  -:041 -0.74 -0.M 

I 
0 

......................................... 
.............................................................. 
............................................................. 
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directly obtained, in order to refer the r to the 0 hour of the 1st day 
of January. For Ssa the corrections will be twice as great. 

283. If the year commences on the first day of any month other than 
January, the corrections will differ a little from the above. Calculated 
in a manner similar to that above, the following table gives tho 
correction to be applied to the ( to refer to the first day of any month 
a t  which the series commences. The correction to the r of Ssa will 
be twice the tabular value for Sa. 

Correction to rof Sa 
to refer to begin- 
ning of month 

Common Leap 
year year 

Observations commence- 

___-- 
0 0 

Jan. 1. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  14.07 14.94 
Feb. 1 . . . . . . . . . . . . . . . . . . . . .  _ _ _  13.M 14.45 
Mar. 1 _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  16.89 16.93 21 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  i6.ai  16.43 

ay 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  16.72 16.93 
June 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  IS. 16 16.43 

Observations cornmenon- 

July l... .______ ___._ ________.  
Aug. 1 
Bept. 1 _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _. oct.i_______ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _. 
Nov. 1- 
Dec. 1. ________.___ ~ _ _ _ _ _  

Correotion to of Lla 
to refer to fxqin- 
nlng of month 

16. MI 
14.88 
14.41 
14.82 
14.24 
14.88 

-- 
16. Ba 
18.43 
14.94 
18.43 
14.94 
16.48 

284. If the monthly means extend over many caleidar years, it may 
be convenient to combine them for a single analysis. In. this case the 
(Vo+u) for January 1 may be taken as the average of the values for 
the beginning of each year included in the observations, and the 
correction to the ( to refer to the beginning of the year will be a mean 
of the values given above for common and leap years, weighted in 
accordance with the number of each kind of year included. If only 
a few years of observations are available, it  is better to analyze each 
year separately in order that the results may serve as a check on each 
other. 

285. The augmenting factors to be used for constituents Sa and Ssa 
when derived from the monthly sea level values are based upon for- 
mula (404) in paragraph 266 and are as follows: 

Sa 1.0115, logarithm 0.00497. 
Ssa 1.0472, logarithm 0.02003. 

ANALYSIS OF HIGH AND LOW WATERS 

286. The automatic tide gage, which furnishes a continuous record 
of the rise and fall of the tide, now being in general use, i t  is seldom 
necessary to rely only upon the high and low waters for an analysis. 
It may happen, however, that a record of hi h and low water observa- 

impractical to  secure continuous records. Such records, if they in- 
clude all the high and low waters for a month or more may be utilized 
in determining approximate values of the principal harmonic coii- 
stants, but the results are not as satisfactory as those obtained from 
an analysis of tho hourly heights. 

287. An elaborate mode of analysis of the high and low waters is 
contained in volume 1 of Scientific Papers, by Sir George H. Darwin. 
Other methods are given by Dr. R. A. Harris in his Manual of Tides. 
The process outlined below follows to some extent one of the methods 
of Doctor Harris, extending his treatment for the K and 0 to other 
constituents. 

tions IS available for a more or less isolated K- ocality where it has been 
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288. The lengths of series may be taken tlie sanic as the lengths 
used as tlie analysis of the hourly heights (see par. 152). It is some- 
times convenient to divide a series, whatever its length, into periods of 
29 days each. This permits a uniform niethod of procedure, and a 
Cornparison of the results from different series nffords a cheek on the 
reliablcness of the work. 

289. Tlle first process in this analysis consists in inaking tlie usual 
high ant1 low water reductions, including thc computution of tlie 
Irinitidal intervals. Form 138 provides for this reduction. Tho 
timcs and heights of the high and low wnters, together with tlic times 
of the moon's transits, are tabulated. For convenience the standard 
ti.mc of tho place of observations may be used for the times of tlic 
hgh  and low waters, and the Greenwich niclaii civil time of tlie moon's 
transits Over thc meridian of Grcenwich may be used for the moon's 
transits, Thc interval between each transit and the following high 
Pnd low water is then found, and the mcnii of all the high water 
intervals and tlie mean of all the low water intervals are then obtained 
separately. The true mean intervals between tlic time of tho moon's 
transit over the local meridian and the time of the following high and 
low waters being desired, the means as directly obtained must be 
corrected to allow for any difference in the kind of time used for the 
transit of the moon and the time of the tides and also for the difference 
In time between the transit of the moon over the local meridian and 
the transit Over the msridian to which the tabular values refer. 

290. If tho tide is of the semidiurnal type, the approximate ampli- 
tude and epoch for M, may be obtained directly from this high and 
lo? water reduction. On account of the presence of the other con- 
stltuents the mean range from the hi h and low waters will always 
be a little larger than. twice the ampfitude of M Z .  If the data are 
available for Some other station in the general locality, the ratio of 
the M, amplitude to the mean range of tide a t  that station may bo 
used in findin$ the M, amplitude from the mcnn range of tide a t  the 

If this ratio cannot be ob- 
tained for any station in the general locality, the empirical ratio of 
O-47 may be used with fairly satisfactory results. After the ampli- 
tude of M2 has been thus obtained, it should be corrected for the 
longitude of the moon's node by factor F from table 12. 

291. The epoch of M, may be obtained from the corrected high and 
low Jntter lunitidal intervals HWI, LWI by the following formula: 

(426) 

'l1,the above formula HWI must be greater than LU'I, 12.42 hours 
added, if necessary, to tlie HWI as directly obtained from the 

hlgll and low water reductions. 
292. The difference between the average duration of rise and fall 

Of the tide a t  any plnce, where the tide is of the semidiurnal typo, de- 
pends. largely upon the Constituent M,. It is possible to obtain from 
the hlgh and low waters a constituent with the speed of M, which, 
'"hen used in tlie harmonic prediction of the tides, will cause the mean 
dllration of rise and fall to be tho same as that at tlie station. The 
effect of M, u on the meun duration of rise will depend chiefly upon 
the relation of  its amplitude and epoch to the amplitude and epoch 
Of the principal constituent M2. By assuming 811 M, with epoch 

for which the results are sought. 

MoZ= 3 (HWI+ L WI)  X28.984+9Oo 



102 U t  S. Ck3.49l' ABD CIEODE!L!fO fYtJ'RVEY 

such as to mako thg constituent B metrically situated in regard to  

for the mean duration of rise of tliu tido ma bo readil calculated. 
293. Let DR=duration of rise of tidc in r iaura RS o z taincd from 

the I uni tidal in tervds, 

the maxima and minima of MI, t i? 0 amplitude necessary to account 

u=Hourly spccd of kl2.=28.'984. 
?c18=Amplitudc, of A&. . 

Md=Amplitude of M4. 
' M ~ o = E ~ ~ ~ l ~  of M,. 

M4 =Epoch of M*. 
Then, for M4 to be symmetrically situated with respect to the mnxiriia 
and minima of M2 

M4'=2 M,' f 90' (427) 
in which the upper or lower sign is to be used according to whether 
a(DR) is greator or less, respectively, than 180'. Multiples of 360' 
may be added or rejected to obtain tlie result as a positive angle less 
than 860'. 

The equations of the constituents M2 and M4 may be written 

(428) 
(4") 

and tho resultant curve 
y=M* cos (at+a)+M, cos (2Ut+@) (430) 

ahl, sin (ut+a)=O (431) 

294. Values of t which will rendcr (428) a maximum must satisfy 
the derived equation 

and for R mnximuni of (430) t must satisfy the derived equation 
n M ,  sin (nt+a)+2ahi14 sin (2nt+j3)=0 (432) 

For a maximum of (4281 

(433) 
in which n is aiiy integer. 

295. Let a= the nccelerntion in the high waters of N, due to the 
presence of >I4. \\'ith the M, wave symmetrically situated with 
respect to the Xi, wavc, - will nlso equal tlie rctnrdation in tlic 1015' 

water of M2, due to the presence of M4, and - will cqual the totd 
amount by which the duration of rise of the tide has been diminishcd 
by M,. If the durntion of rise lias been increased, 0 will bc ncgntivc. 
Then, for a ninximum of (430) 

e 

e 
a 

28 
a 

2na- a-0 t= 
U 

and this vnlue of t must sntisfy cquation (432). 

(434) 
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296. Substituting in (432), we linve 

(435) 

(4 3 6 )  

uM2 sin (2n~-8) +2uM4 sin ( 4 ? ~ ~ - 2 a +  , 3 4 0 ,  = 
-uM2 sin 8--2aM, sin (28+2a-p)=O 

zn- p= - -2xr ,o+>y 

-2Mz0 +M," = & 90" 

But 

1:rom (427) 

180' 
according to whether thc duration of rise is grentcr or lcss t,lian - J a 
or whet,hcr 0 is negative or positive. 
Then 

Ba- p= 7 90" (437) 
according to whcther 0 is positive or negntive. 

S~hst i tut ing this in (435) 
- 

and 
M4- *+- sin 0 mz- COS 28 (439) 

U 
The durat.iaii of risc ns niodificd 1))- the prcsciicr of t he  nssunicd AI, 

is 
(440) 

(441) 

(445) 



104 C .  8. COAST A S D  GEODETIC SURVEY 

analysis of the hourly heights. Account should bo taken of the ~ i u m -  
ber of items cntcring into each sum and tho mcan for each constituont 
hour obtained. The 24 hourly means for cach constituent arc then to 
be analyzed in tlie usual nianncr. 

299. Tlic rcsiilts obtaincd by this process are, of coursc, not as 
tlependnhlc RS those obtained from a contiiiiious record of hourly 
hcights. Tlic approsimatc rcsults first obtninctl ciw, howcver, bo im- 
proved by tkc following treatment if a tide-computing machiric is 
avnilablc. Using the approximate constants as determjncd abovo for 
tlic principal coristitucnts and infcrrctl values for smaller constitucnts, 
sct tlic mriclijne for tlic bcginning of thc period of observations and 
find the predicted heights corresponding to thc observed times of the 
lligli and low wntcrs. Tnbuln t c  tlic differcnccs bctwccii tlic obscrvod 
and predicted heights for these timcs, using thc hourly heiglit form 
and cnteriiip thc valiic.; according to thc ncnrcst S O ~ L I '  hour. Tlicsc 
difl'ercnces arc tlien to be summed uiid anulyzcd tlio samo tlic 
original ohservcd hcights. In this analysis of the rosiduals tho con- 
stitucnt AI2 should be inclutlcd. The rcsults from tlic analysis of tho 
residuals are tlicii comhined wit11 tlic constants uscd for tho sottjng 
of tlic predicting macliinc. 

300. In mrikiiig tlic coiiibiiintions thc following formulas mny bo 
used : 

Let A' and K' rc*prcsciit tlic first approxirnntc wliic~s of tlic constants 
of an constitucnt. 

A' and d ' ,  thv constunts as obtaincd from tlic rositlunls. 
A and K ,  the rc.altaiit coiistnnts sought. 

Y 

A' sin K' +A" sin K'' 

A' COS K' +A" COS E;" 
A'= tnn-1 

FORMS USED FOR ANALYSIS OF TIDES 

(445) 

301. Fonus uscd by tlic Const and Gc~otlr~tic Survcy for the httrinonic 
nnalysis of tidc obsorvations arc sliown in figurcs c1 to 19. A scrics of 
tidc observations at Morro, California, covcriiig tlw period Fcbruary 
13 to July 26, 1919, is taken us an oxample to illiistratc tho dctail of 
tlic work. 

302. Form 362, IIourZy height.$ (fig. 9),-Tlrc~ lioiirly licigllts of tlic 
tidc arc first tnhulated in form 362. Altliougli tlic zero of thc titlc 
staff is usually taken as thc height datum, any other fixed p14no will 
serve this urpose. For practicnl convcriicncc i t  i s  dosirablu t h n t  tbe 

8s to cause thc roadings to he inconrcr!icnt~y lmgc for summing. 
303. Thc hours refer to mcnn solar timc, wliicli miiy be cithcr locnl 

or standard, astronomical or civil, but standard civil timc will generally 
bc thc most convenient to use. Tlic scrics must comincncc with th: 
zero (0) hour of thc adopted timc, uncl d l  vncaiicics iii the record 
should be fillcd by intcrpolatcd values in orclrr that  oacli hour of tho 
series may bc represented by n tabulated height. It is the geiiCrd 
practice to use brackets with interpolatctl values to distinguish then1 
from tho observed Iieiglits. The rccord for s~~cccssivc clays of tho 
scrips must be ciitcrecl in succcssivc columns of tlic form, nnd tlicsc 

datum bo P OR enough to avoid ncgativc tabulatioils but not  so low' 
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columns arc to bc numbered coiiscciitively, beginning with one (1) 
for the first day of tlic serics. 

304. Thc serics analyzed should be one of the lengths indicated in 
parsgraph 152. Scries of observations vcry nearly equal to one of 
these standard lcngths may be completed by the use of extrapolated 
hourly heights. If tlic observations cover n period of sercral years, 
the analysis for cach ycnr may be made separately, n compnrison of 
thc rcsults affording nn cxccllcnt chccli on thc work. 

305. The hourly heights on each page of form 362 are first summed 
horizontally and vertically. The total of tlic vertical sums must 
equal tlic total of the horizontnl sums, and this pngc suin is ent,crcd in 
the lower right-hand corner of the pnge. 

- 
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306. Stencils (figs. 10 and ll).-The first figure is LL copy of the 
M stencil for the even hours of the first 7 dnys of the series, and the 
second fi urc illustrates the application of the same. This stencil 
being hi8 over the page of hourly liciglits shown in figure 9, the 
heights applying to each of the cvon constjtuont lioiirs for this pago 
A ~ O W  through tlic openings in the stencil, whcrc they appear con- 
nected by ditigonal lincs, thus indicating ecwli group to be sunimed. 

307. E or c-ucli constituent sumnintion, cxcepting for S, tlicrc nrc 
provided two stciicils for each page of tnbulntecl hoiirly hciglits, oiie for 
the evcn constituent hours and thc othw for tlic odd constitucnt hours. 
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Thc stencils arc numbered with the days of series to which they 
apply, and special care must be taken to see that t l i u  days of series 
on cucli stencil correspond with the days of series on the page of 
tabulations with which i t  is uscd. For constitucnt S no stencils are 
necessary, as thc constituent hours correspond to the solnr hours of 
the tabulations and the horizontal sums from form 362 may bo taken 
dircctly as tho constituent hour sums. 

308. Form I@, Stencil sums (figs. 12 and 13).-Thc sums for each 
constituent hour are entered in form 142, one line of the form being 
used for cach page of the originnl tabulations. The total of the hour 
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sums in each line of the form must equal the corresponding page sum 
of the hourly heights in form 362, this serving as a check on the sum- 
mation. After the summing of all the pages of the series has been 
completed for any constituent the totals for each constituent hour 
are obtained, the divisors from table 32 entered, and the constituent 
hourly means computed (fig. 13). Thcse means should be carefully 
checked before proceeding with the analysis. Large m o r s  can usually 
be detected by plotting the means. 

309. Form 2.44, Computation of (V,+u) (fig. 14).-This form pro- 
vides for the computation of the equilibrium arguments for the 
beginning of the series of observations, the computation being in 
accordance with formulas given in table 2. For the most part the 
form is self-explanatory. The values of the mean longitude of the 

19 16.7 16.4 13.1 15.5 19.8 29.4 3i.8 35.8 38.5 37.9 58.7 98.5 
20 27.0 21.0 19.8 20.4 28.1 29.9 31.6 36.1 36.4 39.9 l . 9  U.8 
(1.437.1 Sb6.S 33 .5  LB6.6 323.8 401.7 495.8 678.6 6 1 . 4  646.6 593.6 m.4 
-I 

~ 

h. 18 I. I* I. I. I T  I. 10 EO II aa am --- 
1 22.7 21.1 17.6 13.6 14.6 17.5 17.9 26.2 26.2 27.7 26.9 98.0 576.6 
2 25.8 17.6 17.4 18.9 21.6 28.8 SZ.1 .36J  36.6 35.9 1 . 8  26.6 652.6 
3 17.5 17.6 14.7 15.4 21.1 23.6 29.2 SS,3 SS.5 39.0 30.0 24.8 647.8 

6 27.6 20.2 16.9 16.5 i6 .4  23.8 2S.3 30.5 27.9 29.0 34.0 26.4 D97.6 
6 23.8 23.0 e0.0 24.2 28.1 26.2 27.5 28.8 89.4 58.2 28.7 24.4 661.0 
7 19.6 16.5 17.8 14.6 i5;6 20.t 29.8 91.4 53.7 33.1 30.6 29.0 574.S 
e+ 22.4 19.4 U.8 8.8 7.4 10.7 14.9 19.6 24.1 26.6 32.0 27.3 568.1 
9 22.1 18.1 15.4 14.0 17.1 19.1 24.3 29.5 SB.0 29.0 28.0 24.6 628.2 

10 25.2 22.6 26.5 22.0 24.4 26.9 28.7 3S.8 28.1 30.7 26.4 24.6 686.1 
11 19.4 18.2 11.8 12.6 1S.l 16.8 25.5 26.6 29.1 29.0 30.4 ZZ.9 m.8 
12 21.6 13,s 8.4 4.6 4.4 8.7 16.0 21.0 26.6 31.9 28.1 27.0 5Z4.8 

14 28.6 23.6 27.4 26.4 26.0 28.8 34.8 32.6 31.6 28.2 28.0 2b.O 666.8 
1S 20.3 16.4 12.9 10.6 14.6 21.5 22.0 26.7 27.0 31.1 26.4 M.6 M . 6  
16 20.9 14.9 10.9 6.1 4.8 9.9 16.9 23.2 8Col 30.8 30.6 28.9 680.8 
17 21.5 22.2 i7.1 16.8 17.9 26.7 27.6 36.0 53.5 36.5 36.4 a2.1 645.7 
18 22.2 21.1 21.5 21.6 31.2 81.8 30.4 31.7 31.3 98.2 27.6 21.1 614.4 

90 20.4 16.2 7.8 3.6 3,O 1. 2 a 1  22.2 27.4 29.8 34.3 27.7 668.1 
-10.7 380.8 4 i . 6  569.6 613.7 

4 23.2 20.8 12.9 9.0 7.1  7.9 14.0 20.8 22.2 24.9 26.8 =.a w.o 

15 zi.7 i8.e 16.5 17.6 i7;6 21.6 26.9 36.1 m.6 56.4 s . 2  27.0 m2.z 

19 19.6 16.6 12.6 11.5 10.0 ~ p . 2  19.9 26.1 28.6 24.1 a . 6  19.7 642.6 

620.6 590.7 6i3.9 11098.0 

FIGURE 12. 
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moon (s), of tlic lunar pcrigec ( p ) ,  of the sun (h),  of the solar perigcu 
(PI), and of the moon's ascending node ( N ) ,  may be obtaincd from 
tablc 4 for the beginning of any year between 1800 and 2000. The 
values for any ycur beyond tlicsc limits may be readily obtained by 
taking into account the rate of change in tliese clcmcnts as given in 
table 1. Thc  corrections ncccssary in order to refcr thc elements to 
any dcsircd month, day, and hour arc given in tablc 5.  As the tables 
refer to Grecnwicli mean civil timc, tho nrgumcnt used in entcring 
them slioulcl rcfer t h o  to this kind of time, and in tlic lincs for tlic 
beginning and niiddlc of tlic series at tlic head of tlic form spacc is 
therefore provided for cntcring tlic equivalent Grcenwich hour. 
change in thc day may bc avoided by using a negativc Groenwic 
hour when necessary. For exnmplc, 1922, Janunry 1, 0 hour, in the 
standard timc of the meridian 15' east of Greenwich, may bc writtcn 
tu 1922, January 1,-1 hour in Grcenwich timr, instcnd of 1921, 
December 31, 23 hour, us would otllcrwisc bo neccssary. If a negative 
argumcnt is used in tablc 5, tlic corresponding tnbulnr vnluc must bo 
taken with its sign revcrscd. For thc middle of thc series thc ncarest 
Integral hour is sufficient. 

310. Thc .values of I ,  Y, 4 ,  v', and 2v" are obtained for tlic middle 
of thc acrics from tnble 6, using N ns tlie nrgumcnt. If N is between 
180° and 360°, ea.ch of tlic lust four qunntitics will bc ncgativc, but, I 

""1 

?om 1,s . .'rn....,"mr..rn, 
O IPADTW+TOVC~~WK~ m: s m a  s- 

Etation: - . ~ . . h l i f n a u ~ , -  _______-_______ t t . l . d l l 0 . w .  

Oompooear:!Zl" ..... L.ogrh o(.eria:-&6s.. ~sriabogh~: l919--.9eb,~l.~.~r~O~T. 
Kind o!&o u d :  A!.- ._...._.._ Compnkd by .~.~.A&W?P.&J?M.d?d?LOh.- 

- 0  I a e e 7 a e IO I I  

22 16.8 14.6 7.7 5.7 6.6 11.1 19.6 W.2 Eb.6 27.6 30.6 Z4.9 
23 17.8 16.7 16.1 20.1 21.6 30.7 33.S S7.l 59.0 42.8 SS.9 Z0.4 
W 7.2 6.0 6.2 6.1 6.6 0.0 && 10.9. 12.1 11.0 9.4 

&M-21-24 67.7 66.4 4S.8 46.4 46.6 60.9 79.8 96.8 108.9 106.0 99.8 86.S 

*. n n A m  

I .  

21 26.9 18.1 14.8 14.11 10.6 11.1 i 7 . s  =.e 33.1 24.4 24.1 22.6 

I -20 437.1 401.7 
8uma.- m.e 411.7 sa.1 ~32.9 369.1 461.6 676.6 67s.7 7u.s 70t.s 69s.s 600.7 
D i T h O S U s -  164 163 162 166 164 163 16S 165 164 166 1Q 162 
h u h -  3.08 2.M 2.12 2-02 2 , s  2-84 S.53 4.15 4.W 4.66 4.U S.16 

I - .  k I -  I8  I +  I D  IO I 7  I D  IO .O B I  88 80 

21 w.s 18.2 17.0 17.8 23.3 24.0 3 .7  m.9 ss.9 42.1 s.7 sa.1 m.8 
22 22.6 20.7 20.2 26.0 26.9 S1.7 S6.2 S4.0 40.0 5l.a' 26.2 Lb.6 56l-4 
23 2S.l 16.3 16.6 11.6 11.9 13.7 19.6 25.1 26.6 26.2 24.0 U.6 6W.6 
24 3.3 4.7 3.0 1.7 0.9 0.9 1.7 3.4 6.6 7.0 7.7 79- 

*a 21-24 72.2 69.9 65.7 56.6 63.0 70.5 86.2 96.4 108.0 106.6 92.6 es.9 iW.6 
II a-20 443.6 - m.0 200.9 310.7 388.8 w i . 6  56 9.6 Qllil W0.6 690.1 
h.- 616.6 450.9 573.1 505.5 373.7 469.1 561.6 665.0 7p1.7 727.2 685.5 697.8 mS6.8 
Dlrl.ora., 162 165 163 163 162 162 163 163 162 162 165 la 
h U ~ e -  3.16 2.67 2.29 2.12 2.31 2-85 5.46 4-06 4-46 4.49 4-19 S.6T 

FIGWIIE 13. 



is always positive. Although table B is computod far flbo epoch, 
January 1, 1900, it is applicable withsut material P ~ F O J I  for any eorles 
of observations. 

311. The values of u of L2 and u of MI, way be obtpjned from table 
13 for any date bctwccn 1900 and 2000, inclqsivo, using the value of N 
for interpolation. If the series falls beyond the limits of tllis table, 
the following fonnulas may be used: 

u of L=2+2v-R  (par. 129) 

u of M,=[-v+Q (par. 123) 
(446) 

(447) 
Thc valucs of ,$ and Y may be taken from form 244, the valucs of R 
and Q from tables 8 and 10, respcctivcly, using the arguments I nnd 
P for the middle of the series. 

mrm U&. pnal*c"r or QUUSI.  TIDES: Computation of P,+u. 
".I UYIU.UIIIU... 

FIGURE 14. 



312. In finding the difference between tlic 1onGitude of the time 
mcridian (8) and the longitude of tho place (L)  consider west longitude 
as positive and east longitude as ne atiw. In the ordinary use of 

of the observations. If, howcvcr, tlic original hourly heights as 
tabulutcd in form 362 are in accordance with astronomical time in 
wliicli the 0 hour reproscnts thc noon of the corresponding civil day 
nnd the 12th hour tlie followiiig midnight, forni 244 will still bo 
applicable if the longitude of tlic time meridian (8) is taken equal to 
the civil time mcridian plus 180'. For example, if tnbulntions liavo 
been mndc in astronomical time for a locality where the civil tiinr is 
based upon the mcridian 15' E., tho value for S should be taken 
US - 15 + 180, or 165'. If tnbulutions have been in Greenwich 
nstronomical time, S should be talceri as 180'. 

313. Form %?&a, Log F and arguments for elimination (fig. 16).- 
hcms (1) to  (11) nro compilrd liere for convenie~icc of reference for 

form 244 i t  is assumed that civil time !I as bccn uscd in the tabulations 

m P u t T u l & ' ~ Y U -  
ukcw?n-sum 

TZDEEh Iag F md ArgumenU lor ELlminrdOa 

S t d u n  ....... Mrra. ..O.litarni& 
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I). -. d. b. 

!? ..... 

Component 
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this and form 452. Items (1) to (6) are obtained from values given in 
form 244. Item (7) is obtained from table 7, using items (2) and (3) as 
arguments, and item (8) is obtained from table 9, using item (3) as 
argument. Items (9) to (11) are obtained after the rest of the form 
has been filled out. 

314. The log Ffor  each of the listed constituents, except L2 and M, 
and those for which the logarithm is given as zero, may be obtained 
from table 12, using item (2) a.s the argument. For constituents 
L2 and M, 

Log F(LJ =log F(M2)+item (7) (448) 
Log F(MJ=log F(0 , )  +item (8) (449) 

If the tidal serics analyzed was observed between the years 1900 
and 2000, thc log F ( L )  and log F ( M , )  may be taken directly from 

TIDES: HARMONIC ANALYSIS .om 1% - 0 coy"- 
CynyDoDDDTrPpm 

8wionMorro.-.CSiPcrnL b t .  LCZE..!! ~oag  xO.:.AILX.....- 
d .  1. 

( b n F a d . - . b l  ssiu &&..!!!?2L...3? 
I Ilovl, Y- h ?am 141. I 

2- L n p U 4 * k 1 6 ?  ..... l h r  Jl',. x?: ...... ........ 
(I>."., 
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table 13, using the year of observations, together with item (l), as 
argument. 

315. Form 194, Harmonic analysis (fig. 16).-This form is based, 
rimarily, upon formulas (295), (296), (303), and (304) and is designed 

for the computations of the first approximate values of the epochs 
( K )  and the amplitudes (H) of the harmonic constants. Provisions 
afe made for obtaining the diurnal, semidiurnal, terdiurnal, 
dlurnd, sixth-diurnal and eighth-diurnal constituents, but on y such 
items need be computed as are necessary for the particular constituents 
sought. For the principal lunar series M1, MZ, Ma, M,, Ma, and Ma, 
compute all items of the form. For the principal solar series SI, Sz, S,, 
and S6, items (14), (16), (33), (35), and (37) may be omittcd. For 
the lunisolar constituents K, and Kz, items (14), (16), and (23) to 
(37) may be omitted. For thc diurnal constituents J1, 01, 00, PI, &I,  
2Q, and p, ,  items (5), (6), and (14) to (37) may be omitted. For the 
semidiurnal constituents 4, Nz, 2N, RZ, Tz, Xz, pz, u2, and 2SM, items 
(31, (4), (8) to (16), and (23) to (37) may be omitted. For ter- 
diurnal constituents MK and 2MK, items (5), (6), (9), (12), and 
(18) to (37) may bc omittcd. For quarter-diurnal constituents MN 
and MS, items (3), (4), (8) to (25), and (35) to (37) may be omitted. 
h the bottom portion of the form the symbol of tho constituent is 
to be entered a t  the hoad of the column or columns indicated by tho 
subscript corresponding to the number of constituent periods in a 
Constituent day, the remaining columns being left blank. 

316. The hourly means from form 142 (fig. 13) are entered as items 
(1) and (2) in regular order, beginning with the mean for 0 hour. 
Item (4) consists of the last five values of item (3) arranged in reveve 
order. Item (6) consists of tho last six values of item (5) in thew 
original order. For the computations of this form the following 
tables will be found convenient: table 19 of this publication for 
natural products, Vega’s Logarithmic Tables for logarithms of !inear 
Quantities, and Bremiker’s Funfstellige Logarithmen for logarithms 
of the trigonometrical functions. In the last table the angular argu- 
ments are given in degrees and decimals. 

317. In  choosing between items (44) and (45) the former should 
be used if the tabular value of (41) in the first quadrant is greater 
than 45O and the latter if this angle is less than 45’. In  referrmg 
(41) to the proper quadrapt it must be kept in mind that the signs 
of the natural numbcrs corresponding to (38) and (39) are respectively 
the signs of the sine and cosine of the requircd angles. Therefore 
(41) will be in the first quadrant if both s and c are positive, in the 
second quadrant if s is positive and c negative, in the third quadrant ‘f both s and c are negative, and in tho fourth quadrant if s 1s nega- 
b e  and c positive. In  obtaining (49) use (46)+(47) for all 
“nstituents except S, and (46)+(48) for S. The log factor F for 
item (50) may be obtained from form 244a. 

318. Form 194 is designed for use when 24 constituent hourly 
means have been obtained and all the original hourly heights. have 
been used in the summation. If in the summation for a constitucnt 
each constituent hour of the observation period received one and 

ono of the hourly hei hts, it  will be necessary to take the log- 
factor from ta t le 20 and add this to the sum of items 

(46) and (48) t,o obtain item (49), striking out item (47). 

Tarter- 
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319. This form is also adapted for use with the lon -period con- 

effects of the short-period constituents (p. 89), and that these means 
have been assorted into 24 groups to cover the constituent pcriod, 
the 24 group means may then be entered in form 194 in plncc of the 
24 hourly means used for the short-period constituents. Then, treat- 
ing tbe constitucnts M m  and Sa the same as the diurnal tidrs and 
the constituents Mf, Msf, and Ssa as the semidiurnal tides, the form 
may be followed except that the log-augmenting factor must be taken 
from table 20 and then combined with items (46) and (48) to obtsin 
item (49), striking out item (47). 

320. To obtain Sa and Ssa from the monthly means of sea level, or 
tide level, the following process may be used: Enter the monthly 
means beginning with that for January in alternate spaces provided for 
the hourly means in form 194, placing the value for January in tlie 
space for the 0 hour. For convrnience consider all the intermediate 
blank spaces as being filled with zero values and make the computa- 
tions indicntcd bv (3) to (12) nnd (18) to (21). Correct the co- 
efficients of s1 and cI from 12 to 6, a t  top and foot of columns (9), (12), 
(19), and (21). I n  bottom of form enter Sn in column having siib- 
script 2 and Ssa in column with subscript 4 in order to obtain correct 
augmenting factors and strike out iiumernls indicating subscripts. 
For (38) nnd (39) take tlic logaritlini of twice tlic vnliies of 6s and 6c 
as obtained above. The ['s ns obtaiiicd from (40) must have the 
following corrections applied in order to refer thcni to 0 hour of the 
first day of Jnnunry-common years, Sn corrtwtion= + 14.07', SSR 
correction= +28.14'; ]cup year;, Sn coirection= +14.94', Ssa cor- 
rection= +29.88O. For convenieiicc in recording tht. rcsults i t  is 
suggested that the { as clircctly obtuined from (40) bc entcrcd (in 
its proper quadi*nnt) in the space just bclow (lie lognrithm from which 
i t  is obtnincd, nnd that the ( coiwctcd to t l i ~  first dny of January 
be entercd in tlic snnie line in t h c  vucant column just to the right. 
The V+u, computcd to  the first dny of Janunry, niny thcn he entcrcd 
immctlintc*ly ulidcr tlic corrcctccl {'s i ~ i i t l  tlic K' ol(43)  rcndily obtnined. 
For (49) thc combination (4G)f (47) will he usrd. 

321. Form 462, R, K ,  and {fi*oni ancllysis ( i n d  It~jererice (figs. 17 and 
18)-Tliis form proyidcs for cci*tnhi computations preliminary to the 
regular eliminntion process. T l i ~  constunts for constituents K1 and 
S, as obtnintd directly from form 104 mny bc iniliroved by the appli- 
cation of corrections from t:iblcs 21 to 26; nnd coilstants for some of 
the smnllcr constituents, wliicli hnro bcrn poorly tlctcrmincd or not 
det~rmincld nt nll by tlic niinlysis, niay bc ohtninctl by inference. If 
the scrics of obst.rrntions is very short, tlir iiifcrrcd values for tlie 
constants of sonic of the constitucnts iiiny be bct tcr thnn the un- 
eliminated rnliics froin foim 104. 

I t  is designed 
to tnke account of thcb tliuriinl conslitwnt on on(' sitlc (fig. 17) and the 
semidiuriiul coiistit uvnts oil tlic otlic~r sitlc (jig. 1s). The niiiplitudes 
and epochs indicntcd by tliv n c w i t  (') are LO be tukcn froin I'orm 194 
and the quantities iridicatcd by tlic ristcrisl; (*) from form 244 or 244a. 
If tlic scries is less thnn 3% dnys, ~ n l u c s  for SI and 2Sh4 mny bo 
omitted. 

323. For all short series tlic \ d u e s  in colunins (4) nnd (8) are to be 
computed in accordance with tlic ecjuirnlcnts nnd fnctors in columns 

stituents. Assuming that the dnily means have been c 7 eared of the 

322. Forni 45'2 is 1)iisrd upon pnrngi-nphs 229 to 243. 



(3) and 7 respective1 . If the wries is 102 days or more in leiigth, 
the K of ut, P,, and of MI, PI., and 
Kz for column (8) may be t d c n  diractly from form 194, and if the 
series is 356 days or more in lcngt,li t,he K arld log R of all the com- 

onents for which anal scs have becn madc may be tnltcn dircctly 
From tlie same form, k lien a value is tlius talcen dircct,ly from the 
analysis, tho corrcspoiiding equivnlent in column (3) nnd factors in 
column (7) are to be erossod out. 

324. Tho tabular values of itcnis (12) and (13) for the diurnal con- 
stituents and items (14) to (18) for the semidiurnal constituents i y y  
be obtained from tables 21 to 2B or from plotted curves roprcscnting 
these tables, but for a serios of 355 days or more in length the acceler- 
ations may be talcon as zero and the resultant amplitude factors as 

for column (4), and the log 

unity. 
T o t 9  481  
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325. The K ’ S  of K, and Sz are to be corrected by the accelerations as 
indicated before entering in column (4), and in computing item (14) 
for the diurnal constituents and (21) for the semidiurnal constituents 
the corrected K’S are to be used. If the two angles in item (14) for 
the diurnal constituents, or in items (20) or (21) for the semidiurnal 
comtitucnts, differ by more than 180°, the smaller angle should be 
increased by 360’ before taking the difference, which may be either 
positive or ne ativc. I n  computing column (8) it will be noted that 

constitucnts depending upon them. 
326. Form 246, Elimination of component egects (fig. 19).-This 

form is based upon formulas (389) and (390). One side of the form 
is designed for the elimination of the effects of the diurnal constitu- 
ents upon each other and the other side for use with the semidiurnal 
constitucnts, the two sidcs bcing similar exccpt for tho listing of the 

the corrected s og R’s of K, and Sz are to be used in inferring other 

T O I I  MI 
D”A”.”.WI 0. C O Y M U C C  

Y L u y l U y D C l l l y n n  

TIDES1 R, I ,  AND f ,  FROM ANALYSIS AND INFERENCE. 
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hn#h of Boir .__ ... 16s hrir bcgiru ......... bg?B,...f?.brWW. 1.9. _-.._.__-_ & y r  
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constituents. The symbol A rcprcsents tlie constituent to be cleared, 
and the symbol B is the gciieral designation for the disturbing con- 
stituents. The symbol ap lying to constituent A is to be crossed out 

and (19) are to be takcn from columns (1) and (2) of form 452. 
327. For obtaining column (2) it will bc found corivcnicnt to copy 

the logarithms of the R's of B from column (8) of form 452 on a hori- 
zontal strip of pnpcr spaced the same as table 29. Applying this 
strip successively to tlir uppcr line of the tnbulnr values for cnch con- 

in column (1) and entere I f  in column (8). The values for items (9) 

TIDES: ELIMINATION OF COMPONENT EFFECTS 

adion ...... ...._._... .?.o:.!X?,..c.!.bi CP.r.nia ........_._ __.__ ....__ ....................... ....................................... ............. 
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stituent the lognrithms of the resulting products for column (2) may 
be readily obtained. Similarly, for column (4), the [’s of B from 
column (6) of form 452 may be copied on a strip of papcr and applied 
to  the bottom line of thc tabular values for each constituent and the 
diffcrciiccs obtained. Thc natural numbers for column (3) correspond- 
ing to the logarithms in column (2) can usually be obtnincd most 
expeditiously from table 27, this table giving thc witicnl logarithm for 
each chnnge of 0.001 in thc corresponding naturnl number. If thc 
logwitlim is less tlian Ci.6W0, tlic natural nuinbcr will be too sninll to 
tlppcnr in tlic tliird tlccimal plnce, tind tlw drccts of tlic corrcsponding 
constitucn t niny bc consitlci*c~tl ns nil. Tlic products for columns ( 6 )  
nntl (7) niny be coiivc.nicintly obtnincd from table 30. Tn colunin (8) 

Tliu 
vii1uc.s of log F ( A )  and (l’o+u) for column (8) niciy be obtaincd froiii 
lorins 2-14 and 244a. 

328. 111 thc use of this form it will he notod that tlic €2’6 and l’s 
rcfcrring to constituciit B arc! to be tlic bcst Iinon-ti vnlucs w-licthcr 
dcrivcd from the nnalysis or by infcrcncp. but tlic R’ nncl r’ of con- 
stituent A ,  cntcrcd as items (9) nnrl  (19)- rrspcvtivcly, must he the 
unmoclifid values ns obtnincd tlirectlv by forlii 19-1. 

I I P  wfcrciiccs to (6 )  and (7) lire to tlic sums of tlicse colnnins. 

ANALYSIS OF TIDAL CURRENT8 

329. Tidal currcnts nrc tlic pcriotlic horixoiitnl Iiiovcmcii ts of the 
\\-nt.c.rs of t,he cartli’s surfnce. lis tlicy n r ~  cnuscd by tlin snmc pcriodic 
forces that producc tlm vcrt.icnl rise ant1 f n l l  of tho tide, i t  is possiblc, 
to rcpreson t thcsc! currcn t.s by Iinnnonic oxprcssions similar to t.liom 
usctl for thc t i t l (s  Constitwnts with tlic sniiic pcriotls tis tliosc con- 
tairird h i  t.ho tidos nrc involvrd, but tlic currcwt vcloci tics talic tho 
plucc of tlic tidal litriglits. Tlicrc IWC two gcncr:d types of titlul air-  
rein ts. Itnowii ns the rcvcrsing typc iuicl tlic rotary typc. 

330. Ti1  thc. rcrcrsing type tlic\ current flows nltcrtin tcly iii opposite 
dirc*c.tionn, tlic vclocity incrcmiiig from zwo n t tlic. timc of turniiig 
to :L iiiiixiinitin nborit 3 Iiours I i i t , ~  n t i t l  t1ic.n tliniinislics to zero ngnin, 
wlivn it hcgilis t.0 flow iii  the opposite tlircction. I3y consitlcring tho 
vclocitics ns 1)osit.ii.c in otic dircctioti tuid ncytrtivo i n  thci oppositc 
diwct i o i \  I such tx c \~r rcn t .  mn,y be csprcssc~\ I+- 11 singlo hunnonic 
swivs. siirli ns 

(450) 

i n  ivliicli T’=v~Iocity of tlic ciirrctit. i r i  t,lic positive (lircctioii a t  nny 
t.inic! f .  

T’=Acos (at+a)+B cos (bt+p)-I-C cos (ct+y)i-etc. 

A. /I, 12, otc.=lnusilituni vc!locit.ic.s of currwt coiist.it,uont,s. 
a,  h ,  c, ctc.=sp(*cds of coiistituents. 
w ,  0, y, ctc.=init.inl plit1scs of cotistituctits, 

331. 111 tlic rotniy typo the tlirc~t.ioii of tlia currcwt c)~iin~.cs tliroigh 
all poilit3 of tlic coniptis, niitl  t l i t *  velor.ity, altlioitgh ynrying in 
strciigtli. scbltlorn bccoinrls mro. 1 I I  th(* :iiidysis of tliis t,ylw of cur- 
rent it .  is Ii(!ccss:i t*y to rclso~vo 1 ~ 1 ~  o ~ ) s c ~ ~ v r ~ ( ~  velocities in  two clircctions 
at riglit, niiglcs to oncli othcr. For c o t i ~ r ~ ~ i i c t i c ~  tlici iiortli and rnst 
tliroctioiis tire sclcctc~tl for tliis pitrpow, vclacitic*s t.im-irriI tho soutli 
ntit l  wst .  h i n g  coiisitlcrcd ns nt~g:i tiws of tlicso, For tlro I~n.~*tnoiiic 



representation of such currents i t  is, therefore, neccssary to have two 
series-one for tlic north and the other for tlie cnst component. 

332. For tlic analysis of either typc of current tlic original hourly 
velocities or the resolvcd hourly vcloci ties arc tabulated in thc samo 
form used for tlic hourly heights of the tide. To  avoid the incon- 
~cmicnce of Iicgntivc rcadirigs in this tabulation, a constant, such as 
3 knots, is added to all vclocitics. Tlicso hourly velocities are t lmi 
summed with the same stencils that are used for the tides, and tho 
hourly mean vclocitics are analyzcd in the snrnc mnnricr as tlie hourly 
heights of the tide. The same forms are used for the ctirrcnts, with 
tlic necessary modifications in the licndirigs. Tlic rotary currents 
will bc rcprcscntcd by a doiiblc set of constnnts, one for thc north 
components nnd tlic othcr for tlic east components. 

333. For n 29-clny scrim of obscrvations, i t  is rccommcndcd that 
tlic tiiiulysis bc mndc for the M sorics, tlic S scrics, and for N2, Iil, 
and O1. Yor longc~ scrics additionnl constituents may be included. 
111 tlic analysis of current velocities, tlic hnrnionics of the  liiglicr 
drprc1cs such as A I 4  nnd M, may bo cspcctetl to be of rcltitively grclatcr 
ningnitntlc tlinn tlicy nrc in tlic tides. From tlicoreticnl considcra- 
tion.; it inny nlso be sliown that tlic niaunitudc of tlic diurnnl constit- 
ucnts fis co1iipiLrc.d witli the scrnitiiurnJ constitucnts in a simple ticlit1 
oscillution is only about onc-half iis grctit in the cmwnt as  in tlic tide. 
~Iowcvcr, because of tlie complexity of the tidiil and current move- 
ment, tlic actual relation bctwccn tlic various constitucnts as dctcr- 
mined by ilie annlysis is subject to wide vurintions. Tlic constituent 
SI, wliicli is usuully ncgligiblc in tlie tides, may be found to be of a - 
Periodic lnnd und srti breezes. H o ~ v c ~ c r ,  as this constitucnt has 11 
speed very ncnrly thc snnic a s  thnt of IC1 i t  cnri be scparatcd from tho 
lattcr oiily by u long scrics of obscrvations, prcfcrably a year or mor:. 

334. Form 723 (iig. 20)  provides for tlic dctcrminntion of harmo!iic 
Wistnn t s froin tt svrics of currcnt obscrvations by comparison ivitli 
corrcspontlilip coiist nn t s from n tidnl scrics covering tlit? suine pcrio! 
of tinic. This cornpirison is to be used if tho scrics of obscrvntions is 
less t l in l l  20 dttys t ~ n d  nlny bc used for longer scrics if desired. For 
the purposc of this compnrison thc hourly predicted 1.wiglits at thc tide 
station nrc usually to be prcfci-red to  clctunl observations since mctc?r- 
Olopicnl invgulnritics appcnriiig in observed tidcs do not n c c c s s d  
21Ppcnr in a siniilnr innnner in tlic observed currents. I n  this worE 
bot11 currents nnd titles for tlic si~nultaiicous period nrc. to  be sulilmcd 
for constituents A I ,  S, K, I<, uiitl 0; nnd tlic nnnlysis is. tlicn cnrricd 
tlll.ougli foi in 104 (Tidcs: 1Inrnionic hnnlysis) to obtuin tho vnlurs 
of R’ riiid l’ for each constituent. Tlic l~urnio~iics hl,, M a ,  and 
a!’(’ to bc obtaiiicd for the currcwt scrics, but inny bc omitted in t h o  
t l h l  series. 

335. I h t c r  in Form 728 the acccptcd II nnd K of tlio principal tidnl 
corlstitucnts for tho rcfmmlce station nnd nlso the vnlucs ol  1;’ and {’ 
Obtaiiicd from tllc unnlyscs of the siinult ancoiis scries of tidcs and 
currrnls. Thc~ ncwssnr cnlculntions iii tlic form arc self-csplnnn- 
tory. Tlic coyrocled vc.Lcity amplitude of cncli current coiistitucnt 

ohniiicci b n ratio on tlic usaumption t l int  for cnch constitucwt tho 
reintion of t{e rorrrctcd nniplitnde to tlio uucorrcctcd nmplitudc is 

l‘lir rntio drrivcd for tlic con- 

Prcciablc mngnitutlc in ofl’shorc currcnts because of tlie dfcct of dni *P y 

Snmc for bot11 tidc arid currcqt. 



CURRENTS : HARMONIC COMPARISON 
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stitucnt 34, is uscd also for tlic liiglicr liiirmonics of M, this being 
considered more rrliablc than ratios dctcrmiricd directly from tho 
much smaller amplitudes of thcsc hnrinonics. The corrccted epoch 
( K )  for cach current constitiicnt is calculated on the nssuinption that 
the difference bctwccn tlic corrected and uncorrected cpocli IS tlic snmo 
for tide and cuiwnt. For convcnienco tlic zctns ({) rnthcr than tlic 
ka ptis from the simultaneous observations arc used in the form and 

fact. Difiercnccs in coliinin (9) for tlic higher hnrnionics of M2 aro 
derived from the difference for that  constituent bccausc of the iinccr- 
tainty in tho dctcrminntion of cpochs of constitucnts of very smnll 
allipli t ud cs . 

336. Sliort scrics of current obscrvutions arc frequently taken a t  
half-hourly intervals. As individual observations are. somcwliat 
rough, tlic utilizntion of the linlf-hourly obscrva tions ~ 1 1 1  add ma- 
tcrinlly to tllc accuracy of tlic results obtuincd from an analysis. 
b r e o v e r ,  tlic closer spacing of tlic Iinlf-liourl values will give a 

relative importance in the currents than in the tides. Spccial stcncils 
have bccn prcpnrctl for tlic’ sumnation of tlicsc obscrvations. Obscr- 
eations talrcn on the exact hour arc tabulatcd in form 3G2 as usual, 
while obsclrviLtioiis on tlic Iialf-Iiour arc offset to tlic riglit on the 
lnterincdiatc lines. As tlic scrics of observations unclcr considcration 
arc short, provisions lii~vc brew made for obttiining only tlic diurnal 
collstitucnts li, and 0, ; tlic scmidiiirnnl constituents M z ,  Sz, and N,; 
and tlic Iiiglior linrmonics of 31. 

337. For tllc diurnal coiistituc~nts, tlic spccial stcncils providc for 
!h samc distribution, with tlic iilclrision of the half-hourly values, ns 
1s obtained jvitli the sttiiidard stcncils usctl for tlic liourly values only. 
burly meails for tlic constituents tire obtnined nnd cntcrcd in forni 
194 and all subsequent computntioiis nre tlic sanie as  tIiose based 
~ P o n  t l 1 C  usc of t11c stnndurcl stc11cils. 

338. For the scrnidiurnal constiturnts AI2, Sz, and N2, thc seini- 
diurnal period is dividrd into 24 parts. Specid stencils for tho con- 
stltlicnts M2 and N2 provide for the distribution of tlic 0bst.rvctl linlf- 
hourly vclocitics into the 24 g.roiips indicated by this division. No 
Stcncd is rcquirc(1 for tlio constitucn t S1, tho ncccssnry grouping bcing 
aCComplislicd by combining sums for  aftcrnoori obscrvations with 
tllo~c for tlic forenoon obscrvntions of corrcspontlirig hours. Thus, 
the lioon observntioiis will hr includctl with tliosc tnlicn a t  midnight, 
alld tlic obscrvutions ut 12:30 1). m. with tliosc taken at 0:30 a. m. 

339. Thc rcsulting mciins obtained for tlic scrnidiurnal constituents 
by the inctllod described ubovc nro in rcnli ty half-hourly metins, but 
!n adapting form 194 for tlic analysis, tlicsc nieiins may bc cntcrcd 
ln o ~ l c r  in t]ie spnccs providcd for tlio hourly mcnns. Tlicn, aftcr 
dollbling all subscripts in the form, tlic ncccssary com~)utations may 

carried out as indicate?. Thus, all computations for tlic scmi- 
dlllrl~al constitupii ts will Lc mudo in the spnccs originally dcsigncd 
for thc diurnd constituents, Tlie cornputations for ti11 liiglicr liar- 
hlOnics of ever1 subscripts may bc carricd out in tlio snnic form using 
tlk spnccs origiiirilly dcsigncd for tlic. linrmonics with subscrjpts one- 
’Qlf ns great. 111 tliis aduptation of thc form 110 provision is nindn for 

hnrnioiiic of odd subscript wliicli is licrc of rcla- 

a P ongitudc corrcction, colurnn (lo), is introduced to nllow for this 

bcttcr clcvelopnicnt of tlic liiglicr liannonics of 3 9 wliicli are of grcatcr 

colnputation of 
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tively little importance. Othcr forms which are used in connection 
with the analysis will not be affected by the use of tlie special stencils 
for the half-hourly velocities. 

340. Observations on the half-hour may also be aiialyzcd sepa- 
rately from those on the exact hour, using tlic standard stencils for 
the summation. I n  this cost tho stencils are moved to the right one 
column and dropped one line, thus covering the hourly values and 
exposing those occurring on the Iialf-hour. Allownnce must be mndc 
for the differencc of a half hour in the beginning of the scries when 
computing the (Vo+u)'s in form 244. This may be convcniently 
done by assuming u time meridian a half-hour or 7)i" westerly from 
the actual time mcridian used so that the first liulf-hourly observation 
will correspond to the 0 hour of the assumed time meridian. The 
difference of 15 minutes for tlie middle of thc scries IULS negligible 
affect in the computations nnd may be disregarded. In other respects 
the analysis is carried on in the snmc manner as tlie analysis for tlie 
hourly observations, mid the results obtainctl aifortl n uscful check 
on the latter. 



PREDICTION OF TIDES 

HARMONIC METHOD 

341. Thc methods for the prediction of tlic tides iiiay be clmsificd 
a8 harmonic nnd iionhnrinonic. By tlic harmonic method tlic cle- 
lnentary constitucnt tides, rcprescntcd by liarmonic constants, &ro 
oombined into a com tidc. By tlic nonharmonic nicthod the 
Drcdictions arc to the times of tlic moon’s trnrisjts 
and t o  tlie mcnii tide systems of differences to take 
flocount of nvernge conditions and viirious inequalities due to changes 
In the phase of the moon and in thc declination nncl pnrallax of the 
moon and sun. Without the usc of a prcdicting machinc thc liar- 
h o n k  method would iiivolvc too much labor to be of prnctical scrvice, 
but with such n machine tlie hnrmonic incthod lins many advantages 
Over the nonhnrmonic systems and is now uscd exclusively by the 
Coast and Geodctic Survcy in ninl<iiig predictions for tlic standard 
Ports of this country. 

342. The height of tlic tido n t  any time may be rcprcsontcd linr- 
wonically by the formula 

h=lieiglit of tide a t  nriy timc t .  
H,,=moan hcight of wnter lcvel above datum uscd for prc- 

N=mean nmplitudc of any constituent A.  
j=factor for reducing mean amplitude Ijl to year of pre- 

a=speed of constitucnt A. 
t= timc rccltoncd from somc initial cpocli such as boginning 

(Vo+u) =valuc of equilibrium argument of constituent A whcn 

diction. 

diction. 

of ycar of predictions. 

t = O .  
K=CPOCl l  of constituent A. 

‘9 the abovc formula nll quarititics cxccpt it and t inay bc con- 
sidered as coristnnts for nny particular ycnr and place, nnd when these 
C?nstnnts arc known the valuc of h, or tlic predicted liciglit of tho 
tldo, may bo computed for nny vnluc of t ,  or time. By compnring 
sUCccssivc~ values of IL the heights of the high and low waters, togcthcr 

the times of their occurrcncc, may bo approximately dotarinined. 
?lo hnrmonic mcthotl of predicting tides, thereforc, consists esscn- 
tlally of tlic application of the iibovc formula. 

343. The cxnct valuc of t for tlic tiincs of high and low waters will 
be >oats of the first derivative of formula (451) equated to zoro, 
khlch inay be written- 

%=-Z dt ~lf13 sin [at+(~,+u)-K1=0 (452) 

123 
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Although formula (452) cannot, in general, be solved by rig 'orous 
methods, i t  may bc mcclianically solved by a title-predicting machine 
of the type used in the office of tlic Coast and Crcodetic Survcy. 

344. The constant IT, of formuln (451) is the dcpression of the 
adopted datum bclow tlic mean lcvcl of tlic water at tlic placeof prcdic- 
tion. For places on thc open coast tho mean watcr lcvclisindentical 
with mean sea lcvcl, but in tlic upper portions of tidal rivthrs that I i n v t ~  
an appreciable slopc the mcnn water level may be soincwlint higher 
than the mean sca lcvcl. Tlie datum for the predictions mny bo more 
or less arbitrarily chosen but it is customary to use the 10w-wfit~~r plane 
that lias bccn adopted as tlic reforerice for the soundings on thc 
hydrographic charts of tho locality. For ull places on the Atlantic 
and Gulf coasts of tlic United States, including Puerto Hico and thc 
Atlantic coast of the Panama Canal Zone, this datum is incan low 
water. For the Pacific coast of thr Unitcd States, Alaska, Hawaii 
and the Philippines, thc datum is in gcncral mean lower low watcr. 
For the rest of thc world, the datum is in general incan low wnter 
springs, although there are many localities whcrc somewhat lower 
plnnes are used. Aftcr the datum for any articular place lias been 

from simplc nonliarmonic reductions of the tides as observed in tlic 
The valuc of H ,  thus dctcrmincd is a constant that  is 

localitt availa IC for future predictions at  the stations. 
345. The amplitudeHand the cpoch K for ench constituwt tide to be 

included in thc prcdictions are the harmonic constants dctcrinined by 
the analysis discusscd in the prcccding work. Each place will have 
its own sct of harmonic constants, and when once determined will 
be available for all times, cxccpt ns tlic may bc slightly mod ihd  
by a more accurate determination from a x ettcr serichs of observations 
or  by changcs in the physical conditions a t  the locality such ns may 
occur from dredging, by tlic depositing of sediment, or by other 

346. Thc node factorf (par. 77) is introduced in ordcr to rcducc tlic 
mean amplitude to thc true amplitude depending upon the longitude 
of the moon's node. Tlie factorf for any singlc constituent, tliercforc, 
passes through a cycle of values. The change bcing slow, i t  is cus- 
tomary to take the value as of the middle of tlic year for which tlic 
predictions are bcing made and assumc this as a constant for the entire 
year. The error resulting from thls assumption is pructicnlly ncgli- 
gible. Each constituent has its own set of vulucs for .f, but tllcso 
values arc the same for all localities and liavc been compiled for 
convenient use in table 14 for the middle of each year from 1850 to 
1999. 

347. The quantity a represents t!ie angular speed of any constituent 
per unit of time. I n  thc application of formulas (461) and (452) to 
the prediction of tides this is usually given in degrees per mean  sola^' 
hour, the unit of t being taken us tlic mean solar hour. The values 
of the spccds of the different constjtuents have been calculated from 
astrononiical data by formulas derivcd from thc dcvclopment of tlic 
tide-producing force which has alrcndy bccn discusscd. Thcse spccds 
have been compiled in tablc 2 and tire csscntially constant for all 
times nnd places. The quantity (V,+u) is tlie value of tlic cquilib- 
rium nrgumcnt of a constitucnt at  the initial instant from wliich the 
value of t is reckoned; tlint is, wlicn f equals zero. In tlic prediction 

adopted its relation to tlic mcnn water levc f may be readily obtained 

. 

causes. 
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of tides this initial cpoch is usually takcn nt tlic midnight beginning 
thc ycar for which thc prcdictions are to bc mark. I n  strictness the 
V ,  or uniformily vnrging portion of tlic argument alone, refers to tlie 
initinl epoch, while the u, or slow vnrintion dnc to clinnpcs in the 
longitudc of the moon’s nodc, is talirn a s  of tlic middle of tlic period 
of prediction nnd assumed to liavc this vnluc as a constant for tlie 
cntirc period. Tlie uantity (I’,+u) is different for each constituent 

on tlic cartli. I n  tablc 1.5 tlicre havc bccn conipilcd tlie vnlucs of 
this quuntity for tlic beginning of cacli ycar from 1850 to 2000 for tlie 
thc longitudc of Greenwich. Thc valurs ninv bo rendily niodificd to 
adapt them to otlicr initial cpoclis and otlicr longitudes. 

and is also rliffcrcnt 9 or c:lcli initid cpocli 1~nd for diflcrcnt longitudes 

348. Let 
L=west longitudc in dcgrccs of station for wliicli predictions 

S=wcst longitude in degrees of tiinc meridian used a t  this 
are desired. 

stat ion. 
For east longitude, L and S will Iiavc! ncgxtivc rnlucs. 
Now let 

p =  0 when rcferring to tlie long-period constituents. 
1 when rcferring to the diurnnl constituents. 
2 when rcferring to tlic semidiurnal constituents, etc. 

then p will be the coeficicnt of tlic quantity T in the cquilibrium 
arguments. Now, T i s  the hour angle of tlie mcan sun nnd js the only 
qunntit in thcse arguments that is a €unction of *the longitude of the 
Place o P obscrvatioii or of prediction. At any given instant of time 
the differcncc bctwecn the values of the hour angle Tat two stations 
Will be equal to the difference in longitudc of the stations. If, thcre- 
fore, the value of the argument (Vo+u) for pny constituent at any 
given instant lins bccn computed for tlie mcridian of Greenwich, the 
correction to refcr this argument for the same instant to a place in 
longitude Lo west of Grccnwich will be -pL, the negative sign being 
liecessar as tlie value of T decrenscs as tlic wcst longitude incrcnses. 

349. J he instant of tinic to wliicli each of tho tabular values of 
the Greenwich (T’,,+u)’s of tablc 15 rcfcrs is tlic 0 Iiour of the Green- 
Ivich mean civil time at the bcginniiig of n calendar ycar. I n  the 
Predictions of the tides a t  an station i t  is desirable to take as the 
lllltial epoch the 0 hour of t i c  iy standard or local time customaril 
!1sec1 at that  station. If, tliercforc, the longitudc of tlic time mcricf 
Inn used is So west of Greenwich, tlie initial cpocli of the predictions 
Will usually be 8/15 mean solar hours latcr than the instant to wliich 
the tabular Grccnwich (V0+u)’s arc rcferrcd. 

350. I n  formulas (451) nnd (452) tho synibol a is tlic. gcncrnl dcsig- 
nation of tlic speed of any constitucnt; that is to say, i t  is the hourly 
W c  of change in thc argumcnt. Thc diffwencc in the argunicnt due 
to a difference of S/15 hours in tlic initial epoch is thcrefore aS/15 
degrees, The total correction to the tabular Greenwich (Vo+u> of 
any year in order to obtain the local (TvO+u) for a place in longitude 
Lo west a t  an initial epoch of 0 hours of time meridian So west at the 
begmning of the same calendar year is 
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a 8  
15 ---pL. (453) 

The general exprcssion for the angles of (451) and (452) may now 

at+ (V,+u)-K=at+Greenwich ( v o + ~ ) + ~ 5 - p L - ~  (454) 

the corrections 
for longitudc and initial epoch to the Greenwici (f’o+u)Js for each 

be written 
aS 

351. I n  order to avoid the necessity of appl in 

ear, these corrcctioris mny be applied once for all to the K’S .  
Eet  

(455) 

(456) 

a&’ 
15 

Then (454) may be written 

- -pL-K= -K’ 

at+ ( V,+ u) - K  = at + Greenwich ( V,+u) -d 
Thus, by applying the corrections indicated in (455) to the K ’ S  for 
any station, a modified set of epochs is obtained. These will remain 
the same year after year ancl permit the direct use of the tabular 
Greenwich (V,+u)’s in determining the actual constituent phases at 
the beginning of each calendar year. 

352. Let 
Gmxnwich (V,+U)-K’=(Y (457) 

h = I - l , + ~  fH cos (at+cY) (458) 

(459) 
for times of high and low waters. Formula (458) may be easily 
solved for any single value of t ,  but for many values of t as are neces- 
sary in the predictions of the tides for a year at any station the labor 
involved by an ordinary solution would be very great. Formula 
(459) can not, in general, be solved by rigorous methods. The in- 
vention of tide-predicting machines has rendered the solution of both 
formulas a comparntively simple matter. 

then formulas (451) and (452) may be written 

for height of tide a t  any time, and 
af H sin (at+ a) = 0 

TIDE-PREDICTING MACHINE 

353. The first tide-predicting machine was designed by Sir William 
Thomson (aftcrwnrds Ilord I<clvin) and was made in 1873 under the 
auspices of the British Association for the Advancement of Science. 
This was an integrating machine designed to compute the height of 
the tide in  accordnncc with formula (468). It provided for tlic sum- 
mation of 10 of the principal constitucnts, and the resulting pre- 
dicted hcights wcre registered by a curvc automatically traced by 
the machine. This machine is dcscribcd in part I of Thomson and 
Tait’s Natural Philosophy, edition of 1879. Scvcral other tide- 
predicting machines designed upon tlic same general principles but 
providing for an incrcascd number of constituents wcre afterwards 
coristruc tcd. 



HARJIONIC AX,ALYSIS A S D  PREDICTION O F  TIDES 127 

354. Tlic first tidc-predicting mncliinc uscd in tlic Unitcd States W ~ S  
dcsigricd by William Fcrrcl, of tlic U. S. Coast and Gcodctic Survey. 
This mnchinc, wliicli wns complctcd in 1882, wiis bascd upon modified 
formulns and diff crcd somewhat in design from nny other mncliino 
that hns cvcr been constructed. So ciirvc wns trnccd, but  both tho 
times and llcights of the high nntl low wutcrs wcre indicated directly 
by scnlcs on tlic muchinc. Tlic intcrmcdiutc heights of tlw tide could 
be obtair id  only indircctly. A dcscriptioii of this nincliincb is given. 
in the rcport of tlic Const niid Gcodctic Survey for tlic ycnr 1883. 

355. Tho first macliinc mndv to computc simultancously the hcight 
of the  tide arid t h  times of high rind low wntcrs ns  rcprcsent(d by 
formulus (458) and (459), rcspc3ctivcly, WBS tlcsigncd nnd constructed 
in the office of tlic Coast and Gcodctic Survey. It wns completed in  
1910 and is known as the Uiiitctl Stritcs Coast and Crodctic Survoy 
tldc-prcdicting mncliiiic: No. 2. Tlic macliinc siinis simultnneously 
the terms of formulas (458) tind (459) und rrgistcrs successivc heights 
of tlic tide by thc rnovcmcnt of n pointer over a din1 and nlso graphi- 
cally by a curve automatically trnccd on n moving strip of papcr. 
The times of high uiid low wutcrs clctcrmiricd by tlic vnlues of t wliiclr 
satisfy equation (459) are indicntcd both by nn nutomatic stopping 
of tlic mncliinc nnd also by check marks on tlic grnpliic record. 

356. Tlle gcncral appcarnnce of tlie mncliinc is illuslrntcd by figure 
21. It is about 11 fcct long, 2 fcct widc, and G fcct high, and wcighs 
QPProximatcly 2,500 pounds. The  principal fcnturcs arc: First, tho 
SUPporting frnmcwork; sccond, n system of gcmiiig by mcntis of which 
sllafts rcprcscnting the diffcrcnt constituents arc rlindc to rottitc with 
angular spccds proportionnl to tlic nctunl s p ~ c d s  of tlie constituents; 
third, a system of crnnks and sliding h m c s  for obtnining harmonic 
hotion; fourth, summation chnins connecting thc individual constitu- 
ent elements, by means of which the sums of tlio harmonic terms of 
formulas (458) nnd (459) nrc trnnsmittcd to the recording devices; 

a s stem of dinls and pointers for indicating in n convcnicnt man- 
n e r  the 1y ieiglit of thc tide for successivc instants of timc and nlso tlio 
tl%c of tlic liigh and low wntcrs; sixth, n tidc curvc or grapliic.rcpresen- 
tation of tllc tide niitomaticnlly constructed by tlic mnchiiw. Tho 
hQdiinc is dcsigricd to tukc nccoulit of the 37 constituents listed in 
'able 38, including 32 sliort- ,&od and 5 long-prriod constituents. 

357. Tlic hcnvy cclst-iron basc of tlic mncliinc, which includes tlio 
'DFrntor's dcslr, llns an extrcmc Icngtli of 11 fcct nntf is 2 fcct wido. 
Tills forins very substuntin1 founc1ati?ii. f?r tlic supmtructure ,  
QcR'Rsing its stiibility and tlicrcby diminisliing errors tlin t inighb 
rcslllt from a luclc of rigidity in tlic fixrd parts. On tllc Icft side of 

desk is locnted the hnntl cranlr for applying the p o w r  (1 .  fig. 24), 
and undclr tlrc tlpsli are t l ic  prininry gcnrs for scltting in motion tIio 
"Qrlous pnrts of tllc Iiiacllinc. ~ 1 1 0  supcrstructur(~ is in tlircc sections, 
~ l l  coiisistiiig of p a l a l ~ c ~  linr(j-rollcyj bruss pln tcs  lie^ from G to  7 
l l lc l lCs apnrt by brnss bolts. Brtw\.ccqi thrw p l i i t~s  arc brit cad the 
"lafts nntl gctirs tlltit govcr11 tlic motion of t l ic  ( ~ i f ~ w n t  p r t s  of tlic 
bacliinp. 

3-58, ~ l i c  frolit scction, or dial cnsc, rcsts upon !lir t ~ c s ~ ;  fucjng llic 
'1)cr~~tor tlll(1 contiiins tlie npplrtitus for in!licnting nntl roglst c~iiig 
tllc results obtitirlpd by tlic Intirliiiic.  TI^(> mitl(1lcl scctioii rosts upon n 
'eP!cssion in tlic t)tLs(b ant1 contiiiiis t 1 i o  nic~clinriism for tlic Iitirnionic 
N ~ t l ~ l i s  for tlic principal constitucwts ~ 2 ,  s,, K,, 01, ~ 2 ,  mid 51,. ~ 1 1 0  
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renr scctiori contains tlic mcchanisni for tlic linmonic niotiolls for 
the rcninining 3 1 constituents for which thc riincliiric proviclcs. 

359. Tlic nngulnr motions of tlic iiitlividuul constituants, 11s indicntccl 
by tlic yuiuitity at in formulas (458) and (459), nrc rcprcsc.litctl in the 
mncliinci by tlic rotn tion of short horizontal sliiifts hnving tlipir bcur- 
ings in tho  pnrnllvl plntcs All of tliosc constitucwt shafts nrc con- 
ncctctl by n systcmi of gcnring with t l i c b  hnncl crmli 111 111c Ip f t  of tltc 
din1 cnsr and also witli tlic timc-rcgistcring dinls, so t l ~ n i  when tlic 
nincliinr is in operation tlic motion of cadi of tlicsr slitifts will bc 
proportionnl to tlic spwtl cc of tlic corrcsponding coilstit ucwt, nnd for 
any intwvnl of time or i n c m i w n t  in f ns indicntcd i)y t i t ( >  tirnc t l inls  
thc nniount of nngrilar m t i o n  in m y  coiistitucnt sllnft \vi11 cqulil 
the inci-onicnt in tlici product at corrcsponding to t l i n t  colistitupnt. 

360. Since tlic corresponcling ariglcs in formulas (458) n11d (450) ttre 
idcnticnl for nll vducs of f ,  the motion provitlrd by tlic gplirilig \vi11 bc 
applic~nblc ulilzc to the solution of both formulas. Tlir nioclintiism 
for tlic siimnintion of the tcrnis of formula (458) is situntctl o t i  tlic sitlc 
of thr mnchinc nt t l i ~  lcft of tlw ojwriitor, niit l  for coiivc*iiicvjco tliis 
side of tlir inacliinc is cnl ld  tlic “liciglit siclc” (fig. 21), nritl thc mc.cli- 
anisin for the sunirnution of tlic tcinis of forniuln (450) is 011 tlic ~*igIit- 
hnntl h i d ( >  of tliv mncliin(’, wliicli is tlc~signntctl t is  t l i c a  “tiliir si(lp” 
(fig. 23). 

361. In tablo 37 nw givcn thc tlctliils of tlic gcncwil g(wiiig from tlic 
hnntl-oprrnting crnnlc to tlic main vri-ticnl sltnfts, togotlic~r with t l i v  
details of a:! tliv Kcanring i n  tlic froiit scction or t l i i i l  c ~ i w .  I t  \vi11 br 
n o t 4  tlint S-8 (fig. 25) is tlic mnin vcv*ticnl slinft of tlw t l l i i l  C I I W  nn t l  
is conncctcd tlirorigli th(1 rclcasahlo gcnrs to the Iiorir l i t i i i t l .  tlic 
miniitc Iiand, t i i i t l  tlic. dny tlinl, rcspcctivcly. Til(* r ~ ~ l ~ ~ ~ t s ~ t t ~ l c  g~t i rs  
pcrrnit tlic ntljustrn(>nt of t h e  indicntors to niiy tiilicv t l w i r c d .  Aftclr 
an original titljiistmcnt is ~niiltlc so tlint t l io  Iiour n n t l  i r i i i t i i t c b  I i r t i i t l  will 
each rw(1 O at tlic sanw instnrit tliut tlic tliiy t l i t i l  iiidictit(-s t l i c  twgin- 
ning of a day, fur t l ic~ adjiistinciit will, i n  goiiwnl, lw iinriw(’wii*y, 115 

thc gcnring itself will caosc’ tlic indicators to tntLintriiit ii  cwrisistciiit 
reln tion tlii*oiigliout tlic. ycnr, n n t l  by iisc of tlic linntl-oprriitii~~ cnink 
hhc ciitirc systcm niny bc i i i i ~ l ~  to iritlicntr nny tiinr tlrsircvl. Tlic> 
periocl of tlic lioiir-linnd slinft is 24 ( l i d  liottrs, i i i i t l  t l ic.  l i a i r i ( l  iiiovcis 
over a dinl grucluntctl ticcordingly (3, fig. 23). Thc i t i i r i i i t c ~ - l i t i i i d  
shaft, with a prriotl of 1 d i d  h o ~ r ,  Inovrs over ti clitil grx\~luiitcd i t i t0  
60 miiiutcs (2, fig. 23). 

,362. Tlip (lily t l in l ,  wliicli is ribout 10 iiiclios i n  tlitinic~tc~i*. i.; gi*ntliintc~tl 
into 366 pnrts to i-cprescnt thci 306 tltlys i n  II lcnp ycnr. ‘Ylica ittiiii(’s of 
the months nntl nuincrals to intlicntc (awry fifth dtiy of wcli  iiiontli tirc 
inseribctl 011 tlic fncr of tlic dinl. This din1 is locntcd just 1)tick of tlw 
front platr or faw of tlic mncliinc>, i n  which thorc is t i n  urc-slici~)cvl opc’ti- 
ing through which tlic griuluntions rcprcscnting ncnrly two 1iio11 ths 
arc \risiblc\ a t  any oiic tirnc (4, fig 23). Tlw progress of tlic cltips 11s the 
macliinca i s  opcrtLtcd is intliciitcd t)y tlic rotntion of this t l i l i l  pnst i1!1 
index or pointvr just below the opcriing (G, fig. 23). This 1)ointc.r 1s 
securctl to 11 short slinft which cnrrics n t  its innrr (>lid a lv, vr tirin wit!\ 
a pin rpnd\iiig untlrr tlic l o w r  ctlgc of the day dinl, ngniust \\liicIi it 1s 
prcssctl by a light spring. A portion of tlic cdg’  of tlic ( I i t i l  q i i n l  to 
thc atigulnr tlistancc from Jnnunry, 1 to Fcbrunry 28 is of n slightb’ 
larger rndills, so that tlic pin prcssing tigninst it riscs ni l ( \  thro\vs tho 
day pointer to tlic riglit onc dny wlicn this portion Iins pnssotl by. 011 
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FIGURE 21 .-COAST A N D  GEODETIC SURVEY TIDE-PREDICTING MACHINE. 
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FIGURE 22 -TIDE-PREDICTING MACHINE. TIME SIDE. 
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FIGURE 23.-TIDE-PREDICTING MACHINE. RECORDING DEVICES. 
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FIGURE 24.-TIDE-PREDICTING MACHINE, DRIVING GEARS. 
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25.-TIDE-PREDICTING MACHINE. D I A L  C A S E  FROM HEIGHT SIDE. 
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FIGURE 26.-TIDE-PREDICTING MACHINE. D I A L  CASE FROM T I M E  SIDE. 
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FIGURE 27.-TIDE-PREDICTING MACHINE. VERTICAL DRIVING SHAFT OF 
MIDDLE SECTION. 
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FIGURE 28.-TIDE-PREDICTING MACHINE. FORWARD DRIVING SHAFT OF 
REAR SECTION. 
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FIGURE 29.-TIDE-PREDICTING MACHINE. REAR END. 
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FIGURE 30.-TID€-PREDlCTING MACHINE. DETAILS OF RELEASABLE GEAR. 

F ~ G U M C  J I.- I ID€-YREDICTING MACHINE, DETAILS O F  CONSTITUENT CRAIVr’ 
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thc last dl iy  of December this pointer will movc back one day to its 
original position. 

363. On the samc ccnter with thc day pointer there is a smaller index 
(7, fig. 23) which may be turned cithcr to tho right toward R plate in- 
scribed “Coninion year,” or to the left to R plate inscribed “Leap 
Year.” WIicli this smaller index is turned toward the right, thc day 
Pointcr is frcc to  move in accordance with tlic change in radius of the 
edge of tlic c\ial. If the smallcr index is turncd toward tlic left, the 
day pointer is locked and must hold a fixcd position throughout the 
year. For thc prediction of the tides for two or more common years 

successioii tho day dial must be set forward onc day a t  the close of 
the ycar in order that the days of the succccding ycar may be cor- 
rectly registered. The day dial can be released for settin by tho nut 

Qent of the dny dial is provided by a releasable gear on the vcrticd 
shaft S-6 (fig. 25). 

364. Therc are three main vertical shafts S-13 (fig. 27), 8-14 
.(fi . 28), and S-16 (fig. 29), to which are connectod the gearing for the 

~ O U ~ S ,  and all move clockwise when viewed from above the machine. 
The conncctioils between these main shafts and the individual con- 
stituent cranlrshafts are, in general, made by two pairs of bevel g e m  
and an intermediate horizontal shaft, except that for the S ~ O W  movin 

Pair of spur gears are in each CRSC substituted for a pair of beveI 
gears. In  cnch case the gear on the main vertical shaft is releasable 

that each crankshaft can be set independent1 . 
Qdlvidual crankshafts representing 6 constituents, 3 of them being 

These G constituents are M2, 

(6, fig. 23) iinmediately above the large dial ring. A sower k 

Q if* lvidual constituents. The period of rotation of each is 12 dial 

Sa, Ssa, Mm, Mf, and MSf, a worm screw and wheel an 2 

. 365. Main shaft S-13 in the middle section o 9 the machiue drives 9 

move- 

rovidcd with two crankshafts each. 
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columns as would give gear speeds approximnting as closely as possible 
with the theoretical speeds of the constituents. By com aring the 
gear speeds as obtained with the corresponding thcorctica P speeds it 
will be noted that the accumulated errors of tlie gears for an entire 
dial ycar for all the constituents nre negligible in thc prediction of 
the  tides. 

868. Releasable geum.-Rcleasable gears (52, fig. 27) on the mnin ver- 
tical shafts permit the independent adjustment of the time indicaton 
and individual crankshafts. The details of these gears are illustrated 
in fi ure 20. A collar C, with a thread at  its upper end and n flange 
dt t o bottom, is fastened to the shaft by means of three steel screws. 
The gear wheel A fits closely upon this collar and rests upon the flangc. 
It has stink into ita upper surface a recess a, which is filled by the 
flange of collar B. When in place, the latter isprevented from turning 
b a small steel screw reaching into a vertical oove c in the collar 6'. 
&e lower surface of collar B is slightly dishcfifand the collar is s lit 
twice a t  right angles near1 to the to When the milled nut 8 i9 
pressed against the edge of the recess a with such force ns to make 
slipping practically impossible. W'heii the nut is loosened, the gear 
may be turned independently of the mnin driving shaft. A small 
wrench (66, fig. 28) is used for setting these gears. Each of the three 
main driving shafts is provided with a clamp (66, fig. 28) to secure the 
shaft from t iming when the nut of the rclcasable gear is being loosened 
or tightcned. 

869. Constituent cranks.-Secured to the ends of the consti t u c d  
crank shafts, which projects through the brass plates on both sides Of 
the  machine, are brass cranks (40, fig. 25) which are provided for the 
constituent amplitudes. Those on the left or height side of the 
machine are designated as  the constituent height cranks and are 
used for the coefficients of the cosine terms of formula (458), and 
those on tlie right or time si& of the machine are designated as the 
constituent time crnnks and are used for the coefficients of the sine 
terms of formuln (459). The time crnnk on each constituent crank 
ahaft is attaclicd 90' in advance (in the direction of rotation) of the 
height crank on the same shaft. For the constituents Sa nnd Ssa no 
time cranks arc provided, as the coefficients of the sine tcrxiis torr@' 

onding to these constituents are too small to be tnkcn into nccount, 
%he direction of rotation of each constituent crank shaft with its con' 
stituent cranks is clockwise when viewed from tlic time side of the 
machine and counterclockwise when viewed from tlie hciglit side* 
T h e  details of a constituent cranlr arc shown in figure 31. The 
pointer a is rigidlv attaclicd to tho crank as  nn index for rcading its b position on a din]. 
with flanges in which n crank pin rl may bc clnnipcd in nny dcslrcd 
position. The crnnk pin lins a sinnll rcctungular block as n bag: 
which is designed to fit the groove in tlic crank, and tlirough th 
center of the crank pili there is n tlircadcd hole for the clamp scre\yj' 
Attached to the under sidc of tlic crank-pin block is a small spring 
c that  presses tlic block outward ngainst the flanges of the groove' 
keeping it from slipping out of place when unclnnipcd and at  thc 
same time permitting it to bo moved along the groove wlicn settlnB 
the machine. The crank pin may be securely fmtened in nny' da 
sired position by tightening up on the cluiip screw, wliicli, pressag 

mrewed down with a smal 9 pin wrenck', the edge of tlic collar B is 

I n  cacli crank there is a longitudiiinl groove 
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*gainst the small spring a t  tho baalr, ~OFWS.  $ 1 ) ~  crapkpin bla& 
outward against tho flangcs of tlic groove wlth piifficiopt pressurg 

A milled liead wrench a in  used fcp ti hteq- 
ing tlic clamp ~icrow. A small rcctangular black g of bprderle 8 steel 
10 fitted to turn freely upon tho  fipoly poliwbpd nx10 pf tha orank pin. 
This block is designed to fit into and slide along the slot of the con- 
atitucnt frame, 

370. Poeitive and negaliw direction .-All the constituent crank 414fts 
and cranks may be groupad into two ranges-those above the medial 
horizontal plano of tho framoworlc being in the up er range and those 

dlrcction toward this modial lano is to bc considorcd as negative 
and direction away from the p 7 ano as poaitive; that is to say, for ~ 1 1  

in tho upper rangc the positive direction will be upward 
and tho negative direction downward, while for the constituents in tile 
lower rangc tho ositivo direction will bo dowpward and the ncgative 

371. Conetituent dials,-To indicate the angular positions of the 
mnstituent crank shafts, the poiuter (a, fig. 31) moves around a dial 
(41, fig, 25) which is graduated ill dogrecs. These dials are fastcncd 
t? the frame of tlie machine back of the constituent cranks on both 
'ides of the machine, those on the time side being graduated clockwise 

Those dials and 
Pointers are so arranged that the aiigulnr position of a constituent 

same wliethcr read from tlic dial 
on the time side of the machine, 

constituent the height crank will be 

crank will be 
crank in a negative 
the machine rcgistering the initial cpoch, such 

of any year, tho value of t thon bcing talccn (ls 
crank shaft ma be set, by means of its rcleas- 

as represcntcd in formulas (458) and (459). 

prevent any slipping. 

bfhw this plane in tho lower ranPo, In tlic P ollowing discussion 

dlroction upwar d: 

those on tlie height side counterclockwise. 

arid the corrcs 
a reading of 90’ t 

dial readings wi iy 1 be cqual to the CY of the corre- 

Values nf 1, cqntinuously correspond to thc aiig ? c (at-i-CY) of the 

If 
nlachinc i s  then put in operation, the dial readin s will, for SUCCCS- 

foPmRlas, 89 the gearing already described will provide for the 
’‘atement at. 
* $73. Constituent slicling jrames.-For each constitucnt cranl; tliere 

25) fitted to slidc vertically in groovcs in 
a D W  af angle pieces pttac k cd to the side plntes of tlic machine At 
t!e top Of the fF@pe tlpre is a horizontal slot ill Which the cran’k pin 
B1!dce. As the machirlo js operated thc rotation of the crank shafts 

their cranks cause each cypnl; pin to move in thc circumference 
R circle, the radius pf wl~ic l~  depends upon the setting of the pin on 
c~.fi!+. This votjpr) of $lie pin, acting in the liorizontnl slot of 
sllding fraqe, impfirts a vcrtical liarmonic motipn to that frame. 

’4‘ fpkme is is its zero position whcn tlic cvntcr liorizoiita~ line of the ipt $lteFsccts the ~ q j s  of the crank shaft. Positivc. motioli is the 
lpc@tlQ~ nway &Pin tlic medial horizontal plnnc of tho macliine nnd 

h O ~ Q b Y C  motion is toward tlic incdial plane. Tlic displncemcnt of each canstituent liciglit frame from its zero position will always ‘cqual 
P”od1lct of tlic amplitude sctting of tlic crnnli pin by the cosine 

a tight steel frame (4S, fi 
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of the constituent dial reading, and the displacement of each consti- 
tuent time frame will always equal the product of the amplitude 
setting by minus the sine of tlie constituent dial reading. 

374. Constituent pulleys.-Each constituent frame is connected with 
a small movable pulley (43, fig. 25). For all constituents except 
MP, Sp, N2, K1, 01, and Sa on the height side and M,, S2, Nz, and 3 4 4  
on the time side this conncction is by a single steel strip, so that tha 
pulley has the same vertical motion as the corresponding frame. 

375. Doubling gears.-Because of the very large amplitudes of somo 
of the constituents two methods were used in order to keep the lengths 
of the cranks within practical limits. For Mz, Sz, and IC1 two sets of 
shafts and cranks were provided, so that tlie amplitudcs of thesa 
constituents may be divided when necessary and a portion set on 
each. A further reduction in the length of the cranks for these and 
the other large constituents is accomplished b the use of doubling 
gears between the sliding frame and movab 9 e pulley. Two spur 
gears with the ratio of 1:2 (48, fig. 25) are arranged to turn together 
on the same axis. The smaller gear engages a rack (46) attached to the 
sliding frame and the larger gear engages a rack (4r> attached to the 
constituent pulley. Each rack is held against its gear b a flange 
roller (49), and counterpoise weights are provided to ta  E e up the 
backlash in the gears. Through the action of these doubling gears 
any motion in the sliding frame causes a motion twice as great in tlia 
constituent pulley. Doubling gears are provided on the height side of 
the machine for constituents M2, S2, NZ, K1, 01, and Sa and on the 
time side for constituents MZ, S2, Nz, and M,. 
376. Scales for amplitude settings.-The scales for setting the con- 

stituent amplitudcs are attached to the frame of the machine and fire, 
in general, graduated into units and tenths (44, fig. 25). The scala 
are arranged to read in a negative direction; that is, downward for 
the constituents of the uppcr range and upward for the constituents 
in the lower range. On a small adjustable plate (46) attachcd to 
each constitueiit pulley there is an index line which is set to read Zero 
on the scale when tlic sliding frume is in its zero position. For 
setting the crank pins for tli? constituent amplitudes the cranks to 
be sct are first turned to a negative vertical position. For the cranks 
on the height side of the muchilie this position corresponds to a dlt1 
reading of 180' and for the cranks on tlie time side to n reading of 90. 

377. The scales on the height side of the mncliinc, which are used 
setting the cocfficicnts of formula (458), are graduated uniform1 one- 
half inch to the unit. On thc time side of the machinc the sca Q cs are 
modified in ordcr to nutomaticnlly take account of the additional 

the coefficients of formula (459). Dividing the members of this for- 
mula by m, the speed of constituent M2, i t  becomes 

factor involving tlic spccd of the constituent which appears in cach 0 I 

The modified scales are graduated 0.5 a/m inch to the unit. Tho USe 
of tlic modificd scales on thc time side of the machinc permits b$' 

the factor f11 which is commoii to the coefficients of both f o r ~ n d f i ~  
(458) and (459). There arc also providcd for special use on tlic tilfle 

the height and time crniik for any constituent to be set in accord W J t  h 
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side of the machine unmodified scales graduated uniformly to rcncl in 
a Positive direction. 

378. Summation chains.-The summations of thc scveral cosine 
terms in formula (458) and of the several sine terms in formula (459) 
ar? carried on simultaneously by two chains, one (27, fig. 25) on the 
llelght side and the other (28, fig. 26) on the time side of tlie machinc. 
The chains are of the chronomcter fuse typc, of tcmpcrcd steel, and 
have 125 links per foot. The total length of the height chain is 27.6 
feet and of tho time chain 30.6 feet. A platinum point is attnched 
!O one of the links of the time chain 3.5 feet from its free end for an 

379. Each of these chains is fastened a t  one end near the back part 
Of the machine by a pair of adjusting screws (65, fig. 29, and 64, fig. 22). 

these adjusting scrows each chain passes altcrnatcly downward 
?der a constituent pulley of the lower range and upward over a con- 
‘tltuent pulley of the uppcr range, spanning the space between tho 

and middle section of the machine by two idler pulleys and con- 
tlnuing until every constituent pulle on each side of the machine is 
’ncluded in the system. The mova t le pulleys are so arranged that 

direction of the chain in passing from one to anothar is always 
vertical and parallel to the direction of the motion of the sliding framcs. 

380. Summation wheels.-The free or movable end of each of tho 
chains is attached to a threaded grooved whcel (29, SO, fig. 25), 12 

in circumference and threaded to hold more than scvcn turns 
Of the chain, or about 90 inches in all. These are cnllcd the height and 

Each is mounted on a shaft that admits a 
“QU lateral motion, and by means of a fixed tooth nttached to the 
framework of the machine and reaching into the threads of n screw 
fastened to the shaft the latter when rotating is forced into a screw 
%tion with a pitch equal to that of the thread groove of the summa- 
tlon wheel; so that tho path of the chain as it is wound or unwound 

381. The height summation wheel (29, fig. 25) is locatcd near the 
Ir?nt edge of the middle section of the machine, where it receives the 

summation chain directly from the nearest constituent pul- 
ley* The time summation pulley (SO) is located insidc the dial case 
?ear the lower left side, and three fixed ulleys nre used to carry the 
“Q chain from the end constituent pul P ey to the summntion wliccl. 
Counterpoiso weights are connected with the shafts contnining the 
8 u ~ a t 1 0 n  wheels in ordor to keep tho summation chains taut. 

38?- When all of the sliding frames on either side of the machine 
”@ In their Zero ositions, the corresponding summation wheel is 
apPSoximately ha$ filled by turns of the summation chain. Any 
“tlon of a sliding frame in a positive direction will tend to unwind 
the chain from the wheel, and any motion in the ncgativc direction 
’V’ll tend to slacken tho chain so that it will be wound up by the 

With scveral of tlie sliding frames on eitlicr 
‘ld? of the machine moving simultaneously, the resultant motion, 
”hlch is the algebraic sum of all, will be communicntcd to the suni- p t l o n  wheel. The motion of the sliding frame being transniitted 
th the chain through a movable pulle , the motion of tho free end of 
the chain must be twice as great as t 9 iat in the pulley. The scale of 

e Pulley motion is one-half inch to tho unit of amplitude, and there- 

Index. 

summation wheels. 

the summation wheel remains unchanged. 

weight. 



124 u. S. 00.4ST -4SD GEODETIC SURVEY 

fore the scalc of thc chain motion is 1 inch to the unit, und onr com- 
pletc rotation of the summation wheel represents a change of 12 units 
of amplitude. 

883. ' h e  zero position of the height sumination wheel is indicated by 
.the conjunction of nn index line (60, fig. 25) on the arm attached to 
the wheel and an index line (61, fig. 25) on a braclret nttached to the 
framework of the machinc just below the summation wheel, the 
whcel itself being approxiniately one-half filled with the sumination 
chain. The length of the chain is adjusted so thnt the summation 
wheel will be in its zero position when all the sliding frames ori the 
height side of machinc are in their zero positions. It will be iloted 
that the conjunction of the index lines will not alone dctcrmine the 
zero position of the wheel, since such conjunctions will occur a t  each 
turn of the wheel, while thcre is only one zcro position, which is that 
taken when the constituent franies arc set a t  zero. 

384. The zero position of the time summation wheel is indicated bp 
the conjunction of an index point (11, fig. 23) attached to the time 
summation chain and a fixed index (12, fig. 23) in the middle of the 
horizontal opening near the bottom of the dial case, and the length of 
the time summation chain is so adjusted that this conjunction w;." 
occur when all sliding frames on thc timc side of machine are in thclr 
zero positions. 

385. Predicted heights of the tide.-When the machine is in operation, 
the sum of all the cosine terms of formula (458) included in the settings 
for a station will be transmitted through the height summation w h d  
to the face of the machine and there indicated in two wnys-first by 
a pointer moving over a circular height scale (8, fig. 23) and second 
by the ordinates of a tide curve that is automatically traced on 8 
roll of paper (16, fig. 23). The motion of the height summation wheel 
is transmitted by a gear ratio of 30: 100 to R horizontal shaft wh@ 
is located just back of the dial case. One complete rotation of this 
shaft represents 40 units in the height of the tide. From this shaft 
the motion is carried by two separate systems of gearing to the height 
pointer on the face of thc machine and to the pen that traces the 
tide curve. 

386. Height scale.-The height pointer is geared to make one corn' 
plete revolution for a change of 40 units in the height of the tide. 
height scale, with its circumference divided into 40 equal parts td 
each of these unit parts subdivided into tenths, provides for the direct 
registering of the sum of the cosine terms of formula (458) as corn- 
municated through the summation wheel. This scale has its zero 
graduation a t  the top and is graduated positively to the right an d 
negatively to the left. The hei h t  ointer can easily be adjusted to 

its shaft. If it should be dcsired to refcr the predicted heights to rn?@ 
sea level, this pointer must be adjusted to read zero at the same tlme that the summation wheel is in its zero position; but if it is desire d 
to refer to some other datum, the pointer will be adjusted accordlfig 
to the elevation of mean sea level above this datum. For the value 
of h in formula (458) tho pointer will be adjusted to reading coFe- 
sponding to the adopted value of I&, a t  the time the summatlaP 
wheel is in its zero position, then this vaIue of Ho will be automatically 
included with the sum of the cosine terms of that formula. As the 

any position by means of a sma1 F P  mi led nut (IO, fig. 23) a t  the end 0 f 
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machine is operated the height pointer will indicate the predicted 
height of the tide corresponding to the time shown on the time dials. 

387. In order to increase the working scale of the machine when pre- 
dicting tides with smaller ranges, two additional circylar height scales 
are provided, one with the circle divided into 20 unlta and tho othar 
into 10 units, with the units subdivided into tentha. Thcsc scales 
may be ensil removed or replaced on the machine, the scale in use 
being secure I l  in place by a small button at the top (9, fig. 23). The 
20-unit scale may be conveniently used when tho extreme raiigc of 
the predicted tide a t  any placo is betwoen IO and 20 feet, and the 
10-unit scale when the extreme range i8 less than 10 feet. If the 20- 
unit scnlc is to be used, tlic value of each coefflcien,t of both thc cosine 
and the sine terms must be doubled beforo getting the component 
cranks, and if the 10-unit scale is used these original coe5cicnts must 
first be multiplied b 4 before setting the values in the machine. If 

used as a 4-unit scale by considerin tho,origmal uiiit graduations a~ 

cosinc and sine tcrms of the formula mdet be multiplied by 10 before 
entering in the machine, Thc factor used for multiplying tlie cocffi- 
cients to ada t them to tho differcnt height scales is called tho work- 
!ng scale of t r, B machino. Working sca1,es of 1, 2, 4, and 1p are now 
u1 general use to take account of the different ranges of tide a t  the 
places for which predictions fro mado. 

388. Predicted times of the tzde.--Simultaneously with the sutnmatioit 
of the cosine tcrms of formula (458) on the height sidc of tlie maclilne 
the summation of tliu a i m  terms of formula (480), which was derived 
from formula (450), is being effocted on the time side. Being con- 
cerried only with the time a t  which the sum of tlie sine terms is zkiq 
no provision is made for registerin tho sum exce t a t  this time, 

Joint on t l iu  time chain and the Axed platinum index in the dial case. 
bear the timc of a hiall water tho indek on the chaih motes from righb 
t.0 left and near the time of a lo& water' from left to right. The cdn- 
JUTiCtiOii of the movablc and fixed index i6 visible to the operator of 
the mnchina uiid ha may notc tho corredpohding dial readings for the 
time and height of thc high or low watek. 

380. Automatic stopping device.-This device provides for auto- 
maticnlly stopping tho muchiiie a t  cuch hi h and low whter. Secured 

whecal is a steel pawl (db, fig. 24) opcratcd by nti electromaghct (26) 
bolititcd under the desk top. Tlic electric circhit for the cldctromag- 
hct is closcd by a contnct spi'ing that rrsts upbri n linrd-nhber cylinder 
(81, fig. 29) on thc  rrnr end of the shaft bn which tlic time summation 
~ h t l e l  is mouritcd. A small platinum plbg in this f ibber cylinder 
Comes in coiitact with tho  spring, which is fitted with a fine motion 
adjustment, wlicii tlie time smimatioii c h i n  rc isteis zero. This 

theiloby nutomatichlly gto ping the mnchinc. The lateid screw 
motion of thc shaft oil whic P 1 tlie rbbber cylintlcr is mohnted prevents 
the latiritim plug from coniin in conttlct it.itli tho spring on any 
'evofbtion other thdii tlic one w s licli brings tlic timc chain to its zero 
PoEition. The ciituit is led throtlgli ail insulated ring dn tho hub 
Of tllr h ~ n d  cruhk wlicre n contnct is ltcpt clascd by a spring. After 

the cxtrcmo tido is r as than 4 feet, the 40-upit diu1 may bo readily 

tenths of units in the larger scale. € n this case tho coeficients of the 

which is indicatod on tho machine E y the conjunct P on of the ind& 

to the hand-cmnlt shaft is a ratchet whee f: and just above the ratchet 

cloecs tlic circuit and draws the pawl against f lie rntchet wheel, 
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the operator has notctl the timc and hcight rcndings of tlio liigli or 
low water he may ensily break the circuit a t  tlic crnnli hub by n slight 
inward pressure against tlio cranli Iinntll~, thus rcilcnsing tlw ~iri i in-  
two and pnwl nnd permitting tlic macliinc to tw turiictl folnurcl to 
tho next stop. By means of a small switcli (25, fig. 24) just I ) chw tlic 
crank the circuit may bc held open to prcvciit tlic nutoinntic tlcvicc 
from operating whcn so desired. 

390. Nonreversing ratchet.--Upon tlic crnnli shaft, close. to tlic l m r -  
ing in the desk frame, there is a smnll ratchct wliccl rmtl abovc! tliis 
there is a pawl (24, fig. 24) that  is liftcd nwrLy from tlic w l i i ~ ~ l  by friction 
springs when the machine is being turned forwart1 hut which is 
instantly thrown into engagement whon tlio crunli is Iiccjtlrntnlly 
turned backward. By pushing in one of tlic sinal1 buttoiis (22, fig. 24) 
just above tho cranlr the pawl is loclicd so that it cnnnol cbiigngc the 
Tatchet, thus permitting the mnchinc: to bc t u r i i c d  backwnrd when 
#desired. 

,391. Tide curve.- Thc tide ciirvc wliicli grnpliicn1l.v rcproscn t s  the 
rise and fall of thc predicted tidc is nuloinuticnlly trnc.cd 011 n roll of 
paper by the macliinc at the snmc timc that tlic rcsults are h i n g  
indicated on the dials. Tlic curve is tlic rcsultant of n liorizontul 
movement of the pnpcr, corrcsponding t o  the passing of timcl, nnd a 
vertical movement of (L fountain pc’n ( I S ,  fig. 23) ,  corrcsponding to tlic 
rise and fall of the tide. Tho pnpw is G inclics wide with nbouL 380 
feet to thc roll, which is sufficirnt to includr a little iiiort’ t h a n  n frill 

ear of record of thc predicted tides at  11 station. The p n p r  should 
e about 0.0024 inch thick in ortlrr that the coniplclc roll mny be of 

a suitable size for use in tlie mnchinc. 
392. Within the dial case, near the. upper right-liiincl cor~ier, is n 

mandrel (33, fig. 25), which can bc quiclily removed nnrl rcplnccd. It 
is designed to hold the blank roll of pnpw, tlic 1attc.r bring wound upon 
a wooden core especially dcsigncd to fit on tlic mundrrl. At the 
bottom of the mandrel is un ndjustuhlc friction tlcvicc to provide 
tension on the paper. From the blank roll tlic papcr is led over an 
idler roller (34, fig. 25), mounted in thc front plntc of tlic din1 cnsc, 
then across the face of the mochine for n distuncr of ubout 13 inches 
to a feed roller ($6, fig 25), thcn over tlie fccd roller to t l i c  rccciviiig 
roller (36, fig. 25), upon which it is wound. 

393. The feed roller governs thc motion of the pnpcr ncross the face 
of the machine and is provided near each end with 12 fine nrxdlc points 
to prevent the papcr from slipping. The fccd rollcr is controllrd 
by the main vcrticnl shaft of the dial case tlirougli pa r ing  of such 
ratio that the fccd roller will turn a t  tlic same rntc as the innin 
vertical shaft; that is to say, one complctc turn of tlic fccd rollcr 
will represent 12 dial hours in timc. The fccd roller being 6 inches 
in circumference thc papcr will be niovcd forwnrd nt tlic rutc ot 
one-half inch to thc dial hour. A ratchet and pawl (37, fig. 25) nre 
so placed as to leave tlir, pnpcr at rest whcn tlic machine is ttirncd 
backward. If desired, thc papcr iced can be thrown out of nction 
altogether by turning a small milled liend on thc rntchct gcnr. 

394. To provide for tlic winding up of thct pnpcr on tlic rccciving 
roller there is u. sprocket whccl (38, fig. 25) hcld by atljustnblc [riction 
to  the upper end of the fwd roller. Fitt ccl to the top of tlic rcwiving 
roller is a smaller sprocket which is driven by $1 elirkin from the fccd- 
roller sprocket. Thc  ratio of thc sproclrets is such ns to forcc, the 

Pressure on anotlicr button rrl(~asc-s tlic pawl. 



1-IAR3IONIC AKALYSIS' AS11 PItEDICTIOX O F  TIDES 131' 

rcaceiving roller to wind up all the pnpcbr dclivcrcd by the fccd roller,. 
the tension 011 tlic laper being ltcpt uniform by the friction device. 
To remove a cornp I ctcd roll of record tlie s i n a h  sprocket is lifted 
from tlic rccciving roller and n pin (39, fig. 25) nt  the back of the dial 
cnso is drawn out, rrlcasing tlic upper bcaring braeltot. Tlic bracket 
can tlim bo rnisetl rind tlic rccriving roller with its record rcnioved. 
A similar bracltct secured by n pin is provided for the removal of the 
mandrel on which tlic blniilc roll of puper is plnccd. 

395. k?u'ar.igram geurs.--?'lic pen that traces tlie tidc curvcis mounted 

rods nrid is controllcd from a horizontal slinft at thc back of the dial 9 in u carritLgc wliich is nrrnrigccl to slide vertically on a pair of guidin 

case. On this shaft thcrc is mountcd a srt of three sliding change 
gears (18, fig. 2ti), which are designcd to mcsli, respectively, with 
thrw fixed gears mounted 011 u shaft just above. By sliding tlie 
!:liangc gcvirs i n  difi'crcm t positions nny onc of tlicrn may be brought 
into rncsli witli its corrcsponding fixc1.d gear. These gears provide 
for ratios of 1 : 1, 2 : 1,  und 3 : 2, according to wlictlier tlic innermost, 
the middle, or tlic outer gears urc in mcsli. At tlic outer cnd of the 
shaft coiitniriirig t l i p  fixed gcnrs is a tliread-groovcd whccl 4 inches 
in circunifcrciicc (19, fig. 26), to which is attached one end of the 
pen-cnrricigc c h i n  (20, fig. 2 6 ) .  Thc. chain is partly wound upon the 
~ l i ~ c l  nnd from it  passes through tlic dial case to tlic front of the 
1nacliinc,. tlisn upwtird over n pulley ncur tlic top to a counterpoise 
\wiglit wltlrin tho din1 ctisc. 'h! pen carriage is secured to this c h i n  
by iii(w1is of 21 clnmp arid c m  br ncljustd to nny dosircd position. 

396. Scule o j  ti& curue.--Witli n working scnle of unity, tlic rotation. 
of tlic liciglit srinimation wli(d, RS trnnsniittcd tlirougli niurigram 
6cnr riitio of 1 : 1 to tlic curve-line pen, will move tlic latter vertically 
0.1 incll for each uiiit clinngo iii thc sum of tlic harmonic terms and 
this may bc tiilrcii as tlic bnsic or nnturnl scale of the graphic record. 
This scnl(1 may be cdsrg:cd by tlic factor 3/2 or 2 tlirougli the usc of 
one of th(1 other gcnr rILtios a r i d  may be further modified to any 
desired extent by tlic introduction of an arbitrary working scale 
factor. Letting G equal tlic ninrigrnm gear rcitio (1, 3/2, or 2) and 
S equul tlic worltirig scale factor applied to tlic tnnplitudc settings, 
the yprticnl scale or tlw grtiphic record niny bc expressed ILS follows: 
1 indl of grnpll rpprcsciits lO/GS units of summation (46 1) 
1 suii,tnntioii uiiit is rc.prcseritcd by GS/lO inchcs in grnpli (4G2) 
The scale rcitio of tllr grtipll will difTcr witli tlilfcrent units used in 
the prctlictioiis. Tliiis 

Grtipli scnl(a (ciinpli tudc scttings i n  fcct) == GS/12O 
Grlipli scalr (nii ipli  tiitlc sottings in  rnvtcrs) = GS/393.7 

(463) 
(4 641 
(4G5) 

397. 111 spl(*cti1ig 1 1 1 ~  mtirigrtim p t i r  intio ni i t l  sccilc fnctor for tho 
I'rcrlictioIis 111 trlly sttitiorr, it is tlic gciicwl niiii to swurc tis Iiirge a 
S C U ~ C  tis po5sii)lp wliilc I;(~vpiiig tlic grtipli within tliv limits of tlic pnpcr. 
Sp111(> coiisitlc.i.iitioii riiiist tw givcvi tils0 to tIi(1 l i ini  t s  of tlic li('ig1it 
+ll sccilp 1ii1(1 i r i  soiii(' iiisttiiicvs to tliv nicclianical limits o f  tlic' iiitli- 
"ldlial IiiiipIit t i t ~ c  sclttiiigs. Tlic* ~narigrani gcvir r h o  tdTrcts the 
grnl~li 01113- but  tile scwlr factor ofl'ccts nlso tlic tunplitutlo scttings niid 
tllc lieiglit (\ill1 rpn(1ings. ~ l i c  cbstrcmc umplitiidr of tlic. grnpliic 

&npli scrilc (cinildi t i i t l ( ~  scttiiigs iri dccilnctc~s) = Gs/39.37 
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record is limited by the width of the paper wliich cxtcnds 3 i i i c l ~ c ~ i  on 
either side of tlic riicdial Iinc, but for mccliaiiical rrnspps it is clpsirn\i\(> 
in gcncrnl to keep the record within a band 2jh inclios a11 oit[\(>r 
side of thc medial line. Thc following tnblc suggcsts suitnhlc S C I I ~ ( ~ ,  
dial, and gear combinations for cliffcrcnt tidal ranges ~ n ( 1  dif l '~rol l t  
current vclocitics. The  tiibular marigram scalos qy' npp\icnblp o ~ l y  
whcri tlic foot or h o t  lius hc i i  itsetl 11s tJ i c  iiiiit far I I I ( ~ C . I I ~ I \ P  wttiilg'r;. 
Thc mririgrnm amplitude limits givcn in  tlic last ca]uriill 4 r ~  oy)psw(l 
in the same unit tha t  is uscd in sctting t l p  mnclline rpg41'cJlcss of wllat 
unit that may hnve bcen. 

Working scale, height dial, marigram gear, aud scale 

I 

I I I Fcct Knola 
0.0- 1.0 
1. I- 1.5 

0. 1- 8.0 3. 1- 4.0 
8. 1-10.0 4. 1- 5.0 I 
10. 1-12. 5 5. 1- 6.0 
12. 6-10.5 U. 1- 8.0 
16.0-20.0 8.1-10.0 

; 20.1-25.0 10.1-12 5 
: 25.1-32.5 1 12.6-lG.0 

32.0- I 10.1- 

10 

4 
4 
4 

2 
2 
2 

1 
1 
1 

40 2:l I 1:Ml 
40 I 3 .2  1:w) 
40 I I I I  I 1:1m 

When helplit din1 rendinrs nre not required, nnd ami)litude sottings nrc in feet. R cnn\erlirnt graph ~ s l g  
,of 1.10 can he ohtnined by using an) one o l  tho lolioui~ig rornblnntious. vale lnctor 12 u i f h  grnr rat!" I I ,  
scale factor 8 H it l i  gcar ratio 3 2, or wale lartor 0 u i l t i  gear rut IO 2 1. 

398. When the tidc-prrdicting miicliiiic is uscd for t h  prcclictiOl1 
ol the tide-producing force, the p n p h  scale to be ndoptcd wil) ~ ( y l c l  
upon the unit in which the force is to bc expressed. Assunlp t l lp I tho  
sum of all terms in tlic vcrticnl componcwt of thc farcc 
desired. R e f c r r i r i g  to pnragraph 43, it will bc noted that 
voluc of this componcnt t l u ~  to tlic combinctl action of moqri nntl stin 
is approsimatcly 0.2 X 10-o with tlic unit  of fopce t&ci\ 11s g1 tlic ~ W I U I  
accrlrrntion of gravity. In this C I I S P  n canvtqicnt sculc rclatian w]iicli 
will bring th(1 gropli within thc dcsircc] liniits on the pupcr is obtnincd 
by ndopting a working scnlr factor of GXIQ7 with tho mari rtwi gcnr 
ratio of 2 : 1. With this cambiriatiap Q:1 foot of grapl\ or fi i\titc will 
Teprcscnt IO-' g units of fprcc. In practicc the scole fnctor wor~ltl bo 
mmbinctl with the general coc+ficicnt comrqon to all terms ii t  tho 
formulns. 

399. Pens.-The curve-linc pen (13, fig. 23) nnd the daturq-lii\v 1cn 
(14)  arc' cach of thc ordinary fountnin type. Eticli i s  fittot1 Ki t  I 1.n 
mctul lock joint, so tllnt i t  mny bp qu!pkly rrpiovod rtnd ro Incctl 111 

spring when in use. TIic cqrvc-lino en is rnquptpd lp a swivcl wi~ i  

line pen is mountrd in a swlvrl arq tlifit m4y bo arljust~d BO tlittt tho 
mean sea-level linc will bc trqcgd rnidwpy bptjvpon thc y p p ~  aiid luwol* 
edgcs of thc pnpcr. 

the same position, and is pressed ngRinst tho papor.by n P iB\it oail 

on n light cnrnmgc wliich sliqcs vertlcn r ly along twa rqdq. Tho datwu- 
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srtry tlint tlic zero hour or bcginiiiiig of thc day shall correspond to tlic 
double hour mark on tlia Inurigrnm. This adjustment may bc accom- 
plished by moving thc hour hand 011 its slinft nftcr relcnsirig its set 
screw. A finer adjustment mriy be cffcctetl by changing tlie position 
of the contact spring back of the dial facc. 

406. Minute-hand adjustment.-This is to be iidjusted to rratl zero 
on thc cxact hour indicutcd by tlic hour hnnd nnd tlic closing of tlic 
clcctric circuit for the hour mark. Thc adjustment may be accom- 
plislicd either by moving tlic iniriutc linnd on its sliuft after releasing 
its sct scrcw or by means of the rcleusnblc gcars on tlie main vertical 
shaft of tlic din1 case. Tlic utl'ustmcnts just tlcscribcd arc those which 

account cacli time tlic mricliintl is set for a station. 
407. Settiny pi-etlictiri!) machine.-'rlic time indicators on the face 

of tlio Iiiacliine are first scbt to rcprcwnt tlic rsuct beginning of the 
pcriotl for wliicli predictions are to br mndc, wliicli will usunlly bc 0 
hour of Junuury 1 of sonic year. The hour tind minute hands should 
always be brought into plucc by tlic turning of the opcrnting crank in 
ordcr thnt thc ridjustmcnt of tlicsc hnncls reliitivc to thc clcctromng- 
nckt circuit may not be nfl'cctcd. Tlic date dial ]nayJ liowovcr, if 
dcsirotl, be sct indcpc~id(~~itly, using thc binding nut j u s t  abovc tho 
lurgc. dial ring for r c h ~ s i n g  and clamping. If only n small motion of 
thc clnto din1 is ncc(wiry, it is gcncrnlly prcfcrnble to set it by the 
opcrating crnnk. Tlic y c ~  indcs should be set to indicate tlic kind 
of yctir. 

408. I n  tlio usunl oprution of tlic nitichinc n ratclict prcvc~its tlic 
operating crniilr from being turned bnckwnrd, but this ratclict mny 
b ( h  rclcnsctl wlicn tlt.sircd by prcssing on 11 button in the side of the 
mncliiric just above tho crank. After the fncc of tlic machiric llns 
been thus set  to register the beginning of tlic predictions the three 
main vcrticnl shafts slioulcl b~ clnmpcd to prevent them from turning. 

409. 7'0 set the tic;& amp1itutlcs.- -All the constitucnt c ~ t ~ i i k s  or1 the 
left or hciglit sidc of tlic mncliinc t i r ~  first turned, by means of the 
rclcnsnblc gonrs on the nitiin vcrticnl shafts, to a vcrticnl position, the 
cranks of thc uppor riingc of constitucrits pointing downward nnd 
thosc in the l o w c ~  ~ a n g c  upward, in wliicli position all anglcs will rcad 
1 80°. For tlic long-pci-iod constituciits thc crnriks can bc more 
qui~lily brought to the vert icd position by drawing out smnll knobs 
on the time sitlc of tlic mncliinc., thus disconnecting thc gcnring. 
The cruiilis ~ I I Y  th(m t u n i d  by huntl to tlie dcsirccl position and the 
knobs pushed back into place. Tlic arnplitudcs may now he set 
nccortling to the* scalcs tittucliml to thci sitlvs of thc niachinc. Tlic 
c.ruiik pin is iiiicluriip(v1 by u sni:ill rnillctl licnd wrmcli and is thc11 
movcd aloiig its groove' until tlic i i i t lcs  11 t tlic scslc rcgistcrs tli? 
tiniplitotlc s ~ t  ling givciit i n  F o r ~ n  445, wlion it is clnmpctl in this posl- 
tion. If no umplitutlc is givthri for  :lily constitucnt thc corrcspontliiig 
crnrlk mllst bc S P t  :it %('1'0. 

410. 7'0 s c 4  t i inc trmp/ilut/rs.-Tlic pt*oc.oss is siniilnr to t1i:it for tllc 
liciglit :implitutlcs, thc (al*nl l l is  on tlic tirnc. sidc of tlir mncliinc. bcinB 
first t u r n c ~ l  to n vc~rtical position ivith :dl nnglcs I-ontIing goo. T h e  
twi~ilts iwc to be s v t  wit11 t l i o  stimc nniplitutlcs ns w r c  u s c d  for tlic 
liciglit sidc, tlic motlifictl svnlcs nutomnticnlly Inking accoiint of the 
triio clifl'ercnccs in t l i ~  nmplitutlcs. For the constitucmts SIL nntl S S ~  
the nmplitutlcs arc sct 011 tlie hciglit side only. 

ncctl bc mntlc only occnsionii i 1s. 0thc.r ndjustmcrits are taken into 



41 1. To set constituent angles.-Aftcr the amplitudes hnvo bccn set 
and chcckcd on both sides of the inachinc the nnglcs are sct for the 
beginning of the period of predictions, thcsc scttings being given in 
Porm 445. The angles may bc sct from cithcr sidc of the machine, 
except for constituents Sa and Ssa, for which tlicrc are 110 dials on 
the time side, as thc readings nrc the same for both sides. As each 
constituent nnglc is set its relcnsablc gcnr is clninpcd to the main 
vertical shaft. After nll the angles have becii thus set tlic thrcc main 
Vertical shafts must bc uncliimped to permit thcm to turn. 

412. Changing height  scale.-Tlicrc arc tlircc intcrclinngcdAc hcight 
scales, l<nown as tho 40-foot, tlic SO-foot, and tlic 10-foot scale. The 
40-foot ring may also be coiivcriiciitly uscd (1s n 4-foOt scdc. The 
Walt to be uscd for tiny station is indicntcd in Form 445. l n  removing 
a scale from thc machine ti smnll button at the top is tur~icd to release 
thc ring, which is then lifted slightly as i t  is bcing rcmovcd. The 
dcsircd scale is t h a i  placed on tlic niuchinc and securcd in placc by a 
buttori. ~ c f o r c  removing or rcplncing tlic liciglit scale i t  is cIcsiriible 
that the height pointer be set approximately 45' to tlie left of its 
zero position in order to iritcrfcrc lcnst with the rcmoval or rcplaccmcnt 
of the scale. 

413. The datum or p h t e  of reference.-Tho hnnd-operating crank 
Should be turnctl forwnrd or bncltwnrd until tlic index of tlic summa- 
t101i wheel on tlic Iiciglit side of the machine indicates incan S C ~ L  levcl. 
I t  must be ltcpt in Inind, howcvcr, that  as the index lincs may come 
14 ~onjui~ctiori  n t  c d i  complete rotation of tlic summation ~vllccl 
there is a possibility of being misled in regard to thc mean sea-level 
Position. \\;hen in doubt, the operating crnnlc should be turned 
f?rwcird to obtain a number of conjunctions, the corrcsponding hcight 
dlal reading for each bcing noted. Tho conjunction that corresponds 
most closely with tlic avcragc of such height readings wlll be the one 
that applies to thc true zcro position. Each complctc turn of thc 
height summation wliccl will cause a cliango in tlic height rending of 
12 units, 6 units, or 3 units, rcspcctively, according to wlicthcr the 
40-~ni t ,  20-unit, or 10-unit dial is used. The height hand, which can 
be rclcascd by the milled nut  on the face of tlic ma.cliinc, may now 
be set to tlie scale reading that corresponds to the helgllt of mean sea 
'e\rel above tlic datum which hns bccn adopted for tlic prcdictlons, 
this value being given in Form 445. 

414. The marigram gear.-Tlicrc are three gctir combinations, desig- 
nated as the 1: 1, 3:2, alld 2: 1 rcitios. Thc gear ratio to be uscd for 

station is indicated in Form 445. When it is nccessnry to chnnge 
gear ratio, thc mnchinc should bc first turned to its mean sea- 

level position. Thc ChlLngc is then effected by sliding tllc lower set 
Of Gcars horizontally, bcing carcful to hold tho  upper sct with 0110 
hand to prcvcnt it from turning whcn the gcars arc rclcnscd. Bcforo 
engry$ng the gears in tlicir ncw ratios thc countcrpoisc for the pen 
'arrlngc sllould be brouglit, to ti positioii npproximntcly Iiiidwuy 

Thr 1 : 1 ratio is obtnined 
sliding the lowpr sct of gears ns far ns  possible towilrd the licight 

'1& of tlic macliiilc, tlius pngeging tlic innermost genrs; tlic 3 :2 ratio 
by lnoving tll(:sc g q r s  townrtl tlic tinio sitlc uiitil tlic outer gcnrs nro 

tho li1nits of its rnngp of motion. 

nnc~  tlle 2: 1 ratio by crignging the m i M c  gcnr of cacll set. 



415. I n  setting up tlic machinc for successive stations tlicre is n 
niechanical advan tagc in mnlring the ncccssary g ~ a r  changes before 
setting the new aniplitudcs if the gcar clianges tire in the order of 
2 :  1, 3 :2,  1: 1, and after setting the nmplitutlcs if tlic gcar changes 
a.re i n  the rcvcrse order. This precaution will lcsscn the chanccs of 
jamming thc curve per1 carriage and throwing the height chain off its 
pulleys wlwn setting the amplitudes. 

416. Inserting paper roll.---To plncc? tlit: paper on the machine, re- 
iiiove the mandril that  is mounted within thc dial C~LSC near the upper 
right-hand corner nncl slip t.he roll of paper ovcr the mandril, t.he 
roll being so plnccd that the winding is clockwise when viewed from 
above and whe~ i  011 tlic macliinn the papcr unwinds from the outer 
sidc of tlic roll. 111 placing the roll on the mandril care should be 
tnkrn to see tliat t.lic smnll projection on thc base of tlie latter enters 
tlic cuvity in t,li(i wooden core, so that the roll will fit flat against the 
base. After tlic xnandril with tlic roll of paper has been returned to 
the mncliinc nncl sccurcd in  place, tlic! cnd of the pnpcr is passed around 
a roller to tlic face of tlic! machinc, ncross the face, and ovcr the feed 
roller nt the left of the machine. The cnd is then inserted into the 
slit, in  tlic rcceiving roller, which is givcn IL fcw turns to taltc up the 
slack pnpcr and ninlre i t  secure. Bcforo passing the paper over the 
fccding roller and on the rcceiving rollcr thesc rollcrs sliould be released 
to p m n i t  tliciii to turn indcpcndcntly, tlic rclcase being effected by 
turriiiig the small niillcd hcnd on 11 ratchet stud gear near the base of 
thr fccding roller and by lifting off from tlic top of thc! rccciving rollel’ 
thr  small knoh holding tlic conncctiiig cliain. Aftcr tlir papor 118s 
been secured to the rcxciving roller thcsa connections should be 
restored. 

417. Curve p e n  adjustmenf.-With tlin riiacliinc in its nicun sea - l cd  
position, the curve pen must be adjusted to bring the pen point O n  
the mean srn-level line as drawn by tlic basc-line pen. This adjust- 
ment may be cffectctl by rrlcnsing tlic pcn carriage from the oper- 
ating chain nnd moving i t  to t ~ i e  (](>sired position, w~icrc. it is clnrnpd 
in place by the binding scrow. 

418. Verification. of machine settin!is.--k:acl~ stop in tlic adjustnie1lt 
and setting of the machine sliould bc carefully clic?eltcd before pro’ 
cecding with tlic ncst  stcp. 

if the predictions for tlic samc station for thc proceding year a1.C 
available, by t,u~*iiiiig t.lic> mncliinc~ buckward scvrral days and then 

d 
coinparing tlici piwlictcd titles with tliosc previously obtained. 

419. Pwdict.ittg.--. ‘rlw dutum nnd ctirvc fountain pens are filled qn 
put i n  jdncc, tho ch-tric cut-out switch undor thc base of tho machine 
closed, nnd the rntcliot of t ~ i c  opertiting crank set to prevent the 
mochinc~ from bciilg turned bnckwurtl. I f  tlic: protlictctl liciglit of the 

until the rcquirctl tiinc: is rogistcrctl 011 the tim: dials and tlic COT’ 
responding Iicight rcad off of tlic! liciglit dial. 

420. If the predicted high untl low wutcrs for tlic year arc desired) 
thc! opernting crank is t u r n d  forwtird until the machine is auto’ 
matically stoppcd by tlic brake a t  a high or low water. To avoid the 
strain on t ~ i c  Inacliirie dric to suddcri stops, tlii. opOJ.I?tOr should watcl’ 
t ,~ic  small indcs on tlic timc: cliain,  tint^ as this upproac~ies t ~ i e  fixed 
indes in t ~ i c  ccintcr of tlir opening on t1w iucn of the mncliinc, twii tile 

Aftcbr tlio setting of the machine for an 
statioii lins heon coniplctccl an cscellent clicck 011 thc  work is afforde d 

tidc for any given time is tlnsirod, tlic iuucliinc! rimy \,e turned forwar d 
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crank more slowly until thc ninchinc is stcippecl as thc indexes come 
in contact with each other. The tiinc and height may then be read 
directly from thd  dials on the face of the machine. T'hc movemcnt 
of tlic height poiliter beforr the stopping of the machine and also 
thc tide curvc will clearly iiidicate whether the tido is a high or low 
water. After the tide has been rccordcd an inward pi'essure on the 
crank handle will rcleasc tlic brake atid tlic machine can bc turned 
forward to tlic next tide, the process being repeated until all the 
titlrs of the year have been pwdicted afid recorded. 

F b H M S  U S E b  WITH TIDE-PREDICTIkO hrACHINl!. 

421. Form 444, standard harmonic constants .for pred&tio?s (fig. 
32).-This form provides for the compilation of the liartnonic con- 
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stants for use in the prediction of the tides and also for certain pcr- 
manent preliminary computations to adapt the constants for use 
with the U. S. Coast and Geodetic Survey tide-predicting machine 
No. 2. 

422. The constituents are listed in an order that conforms to tlic nr- 
rangement of the corresponding constituent shafts and cranks 011 the 
predicting machine. The accepted amplitudes and epochs are to be 
given in the columns provided for the purpose. A t  the bottom of tlic 
page a space is provided for indicating the source from which the con- 
stants were derived. 

423. The column of Remarks provides for Inisccllancous informa- 
tion ertaining to the predictions. This includes the kind of time in 
whici the rcdictions are to be given, tho approximate estrcme 

used, the height dial, the marigram gcar, the marigram scale, nntl 
the datum to which the prcdicted heights are to be referred. 

424. The extreme range may be estimated from thc predictions for 
a preceding year or may be taken approximately as twice the sum of 
the amplitudes of the harmonic constants. The height dial, mnri- 
gram gear, and marigram scale which arc recommended for use with 
different extreme rangcs are givon in the table on page 138. 

425. Thc principal hydrographic datums in general use are as fol- 
lows: Mean low wntcr for the Atlantic and Gulf coasts of thc United 
States and Puerto Rico. Mean lower low water for the Pacific coast 
of the United States, Canada, and Alaska, and the Hawaiian and 
Philippine Islnnds. Approximate low watcr springs for the rest of 
the world, with a few exceptions. For use on the predicting machine 
the datum must be defined by its relation to the mean sea level, and 
this relation is usually determined from a reduction of the high and 
low waters. 

426. Column A of Form 444 is designed for the differences by 
which the epochs of the constituehts arc adapted once for all for use 
with the unmodified Greenwich (Vo+u)'s of each year. These dif- 
ferences take account of the longitude of the station and also of the 
time meridian used for the predictions, and are computed by the 
formula 

(466) 
K'-K=pL--- aS 

15 

The form is used in a loosc-leaf binder. 

range 5 of ti e a t  the place for determining the proper scale to be 

in which 

 adapted epoch-true epoch. 
p=subscript of constituent, which indicates number of periods 

in one consti tucn t day. For the long-period consti turn ts 
Mm, Ssa, Sa, MSf, and Mf, p should be taken as zero. 

L=longitude of station in degrces;+if wcst,-if cnst. 
a=speed of constituent in degrees pcr solar hours. 
&'=longitude of time mcridinn in dcgrccs;+if west,-if east. 

aS Tlic valucs of the products 3 for the principal time nicridinns mn!' 
bc taken from table 35. For any time meridian not given in tllc 
tablc the products may be obtuinctl by direct multiplicntion, taking 
tlic valucs for the constitucnt spc~etls (a )  from tablc 2. 

427. Column B is dcsignctl for thc reduction of the amplitudcs to 
the working scale of the machine. The sculc is unity when the 40- 
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foot height dial is used, 2 for the 20-foot height dial, 4 for the 10-foot 
height dial, and 10 for a 4-foot height dial. The working scale 
should be entered at  the head of the column and used as a factor 
with the amplitudes in order to obtain the values for this column. 

428. Columns C and D are designed to contain the adapted epochs 
in positive and negative forms which may be used additively wit.h the 
G.reenwich (V,,+u)'s. I t  will be found most convenient to compute 
column D first, by applying the difference in column A to the K in 
the preceding colunin and entering the result with the negative sign. 
If the direct application of the difference should give a negative 
result, this must bc subtracted from 360' before entering in column D. 

Compu1.d by ..-&&.&.? ...... !!!F!!..?~A...!.?.?.? ........ Vrl l *d  by ...... F.*.d .b ..... Marah. 29. ..1B25. 
Rdbld b ....... ....................................................... 
D.1. ....................................................................... 

A- - 



146 U. 5. OOAS‘T -4SD GEODETIC SWRVEY 

Thc values for column C may thcn be obtnined by applying 360’ 
to the negative values in column D. 

429. Form 445, settings j o r  tide-predicting machine (fig. 33) .-This 
form is designed for the computations of the settings for the predicting 
machine for the beginning of each year of predictions. The forms 
are bound in books, a separate book being used for each year of 
predictions. This form is used in connection with Form 444, and 
for convenience the order of arrangement of the constituents is identi- 
cal in the two forms. The namc of the station, the time meridian, 
the height dial, marigram gear, marigram scale, and datuni plane 
are copied directly from Form 444. 

430. For the amplitude settings the amplitudes of columii €3 of 
Form 444 are multiplied by the factorsf from table 14 for the year for 
which the predictions are to be mnde. A convenient way to apply 
these factors is to prepare a strip of paper with the same vertical 
spacing as the lines on Form 444 and enter the factors f for the 
required year on this strip. The stri may then be placed alongside 

sninc strip will serve for every station for which pregctions are to be 
made for the given year. ractice to enter 
the amplitude settings to the nearest 0.05 foot as geing sufficiently 
close for all practical purposes. 

431. For the dial settings for January 1, 0 hour, the Greenn-ich 
equilibrium arguments of (V,,+u)’s from table 15 are to be a plied, nc- 
cording to the indicated sign, to the angles of column Cor 8 of Form 
444, using the angle in column D if it  is less than thc argument, 
otlicrwise using the angle in column C. For the application of tho 
(l/vo+u)’s a strip similar to that used for the factors f should be pre- . Thc same strip will serve for all stations for the given year, 
ESefhe dial settings it is customary to use whole degrees, except for 
constituent M2, for which the setting is carried to the first decimal 
of a degree. 

1 aud December 31 are used for 
checking pur oses to ascertain w T ether there has been any slipping 
of the gears B uring the operation of the machine. To obtain the dial 
settings for February 1 ,  Oh, and December 31, 24h, prepare strips 
similar to those for the f ’ s  and (Vo+u)’s. On one enter the angular 
motion of the constituents from January 1, Oh, to February 1, 0”; on a 
second and a third strip, tho angular motion for February 1, Oh, to 
December 31, 24”, for a common and leap year, respectively. For 
checking purposes a fourth and fifth strip ma contain the angular 
changes for a complete common and a complete 9 eap year, respectively. 
The values for these strips may bc obtained from tablo 36. Thesc 
stri s will be found morr convenient if arranged with two columns 
ea& one column containing the vulues in a poaitivc form nnd the 
other column containing the equivalent negative value which is 
obtained by subtracting the first from 360’. These strips are good 
for all years, distinction being made betwecn the common and loup 
years. By applying the first strip to the dial settings for January 
1 the values for February 1 are readily obtained, and by applying 
the second or third strip to the latter settings those for the end of 
the year are obtained. The values obtained by a plying the fourth 
or fifth strips to the settings for January 1 should &o give the correct 
setting for the end of the year, and thus serve ns a check. The 

of column B of Form 444 and the mu P tiplication be erformed. The 

It has been the recent 

432. The settings for Februa 
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angular changes for com uting tlir settings for nny day of the ycur 
may be obtaincd from ta Fl les 16 und 17. 

PREDICTION OF TIDAL CURRENTS 

433. Since tlic tidal current vclocitics in nny locnlity may bo 
expressed b tlic sum of a scrics of linrmonic terms involving tlic 
8nmC pcrio B ic constituents tliut nrc found in tlic tides, tlie tide- 
predicting machine may be usctl for thcir prediction. For the cur- 
rents, however, consideration must bc givcn to the direction of flow, 
and in the use of tlic rnachinc sonic particular direction must bo 
assumed. At present tho mncliinc is used for tlic prcdiction of 
reversing currents in wliicli the direction of tlie flood current is 
taken as positive and tlic mnximum velocity in this direction corre- 

Tho cbh currmt is 
t R en considered as having a ncgativc velocity with its mnximum 
corresponding to tho low water of the predicted tidc. Rotary cur- 
rents may be predicted by taking thc, north mi11 cnst componeiits 
separately but thc lnbor of obtaining tlic rcsultant vclocitics nnd 
directions from thcsc com onents would bc w r y  great without a 
machine especinlly designe cp for tlic purposc. Prcdictions can, how- 
ever, be made along the main axis of a rotary movement without 
Serious difficulties. Formulas for rcfcrring thc hnrmonic constants of 
the north and cast components to any desired axis are given in Coast 
and Geodetic Survcy Spccinl Publication No. 215, llnnunl of Current 
Obscwa tions. 

434. The hnrmonic constants for tlic rcdiction of current vclocities 
are derived from current observations B y an annlysis similar to that  
used in obtaining thc harmonic coiistnnts froin tide observations. I n  
the current harmonic constants, howcvcr, the amplitudes nrc expressed 
!n a unit, of velocit , usually tlic knot, instend of tlic liiienr unit that  
1s used for thc tida 9 harmonic constants. Forms 444 and 445 for the 
computation of tlic settings for tlic tide-predicting niacliinc nre 
applicable for tlic current predictions nnd the proccdurc in filling out 
these forms is csseiitinlly the snme ns dcscbribed in pnragrciphs 421-432 
for the tide predictioiis. The node factors ( f )  and arguments (V,+U) 
are the snme as for thc tides. Tlic height dial, mnrigrnm geiir and 
scale suitable to tlie current velocity can bc obtained from the tnble 
On page 138. Jnstcad of n soa lcvcl elcvtition thcrc should bc cwtcrcd 
1n the column of "Remarks" the velocity of nny p~rinni i~ i i t  current 
alon Tliis velocity 
shou%i be mnrkcd plus (+) or minus (-) accordllig to whether tlic 
Permanent currmt is iii tlic flood or cbh dircction. 

435. The predicting inticliinc, is set with tlic currmit linrmonic con- 
stants ill tlic st1Inc mtiiiiicr ns for tile tidnl harmonic constants. To  
t ~ B e  nccount of tlic permniicnt currciit thc height sunimation wliecl 
Should bc brought to its zero position nnd tlic Iicight linnd then set 
n t  din1 rcndiii corrc~spo~icii~~g to the velocity of tlic pcrmnncnt 
c~rrci i t ,  tlie h a n k  1)eiiig set to tlic riglit of the scnlc zero if tlic per- 
%anent current is iii tlie flood dircction tirid to tlic left if in tlic ebb 
dlrcction. The hand crank should be then turned to bring the 
height hand to its zero osition arid the curvc-pen sct n t  tlic medial 
h e  of thc paper, tliis {iic now rcyrcscnting zero velocity or slnck 
’hter. 

onds to the high water of the prcdictcd tide. 

thc axis in which the predictions arc to bc mndc. 
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436. The operation of the machine for the prediction of the cur- 
rents is similar to that for the prediction of tho tides. The machine 
automatically stops at  each maximum flood and ebb velocity nnd the 
corresponding times and velocities are then recorded, the flood veloci- 
ties being read to the right and the ebb velocities to the left of tho 
scale zero. In  the rediction of the currents the times of slack wnter 
are also desired. 5hese are indicated by the zero position of the 
recording hand as well as by the intersections of the curve and medial 
line in the graphic record. The velocity of the current a t  any inter- 
mediate time can be read directly from the height dial when the 
machine has been turned to the time desired and it may be also scaled 
from the graphic record. 

437. Predictions of hydraulic currents in a strait, based upon the 
difference in the tidal head a t  the two entrances, may be made by 
means of harmonic constants derived from the tidal constants for 
the entrances. Differences in tidal range or in the timee of the high 
and low waters at the two ends of a stralt will cause the water surface 
at one end alternately to rise above and fall below that at the other 
end, thus creating a periodic reversing current in the strait. Theo- 
retically, disregarding friction or inertia, the velocity of the current 
would vary aa the square root of the difierence in head, being zero 
when the surface is at the same level a t  both ends and reaching a 
maximum when the difference is greatest. Actually there will gen- 
erally be a lag of some minutes in the response of the current 
movement to the difference in head which must be determined from 
obscrvations. 

438. Let the two ends of the strait be desi nated by A and B, with 
the flow from A toward B considered as floo di or positive and the flow 
in the opposite direction as ebb or ne ative. With the waterway 
receiving the tide from two sources, t fl e application of the terms 
“flood” and “ebb” will be somewhat arbitra , and care must bo 
taken to indicate clearly the direction assume 7 for the flood move- 
ment. In  the following discussion tidal constants pertaining to 
entrances A and B will be distinguished by subscripts a and b,  respec- 
tively, and those pertaining to the difference in tidal head by tho 
subscript d .  Since the usual constituent epochs known as “kappas” 
refer to the local meridian, i t  will be necessary for the purpose of 
comparison between places on different meridians to use the Groen- 
wich epochs (‘Q” (par. 226), these being independent of local time nnd 
longitude. 

439. For any one constituent let T represent time as expressed 
in degrees of the constituent reckoned from the phase zero of it9 
Greenwich equilibrium argument, Also let Ya and Yb represent the 
height of the constituent tide for T as referred to the mean 
level a t  locations A and B, let Yd equal the difference 
{Ya-Yb), Formulas for may now be written 

(467) Y,=Ha COS (T-Qa) for location “A” 
Yo=Hb cos (T-Qb) for location “BJJ 1 (468) 

Y d =  Ha COS (T- Qa) -Ha COS (T- Qb) 
= (Ha COS Qa-Ho COS (30) COS T+ (Ha sin Qa-Hb sin ab) sin T 
=Hd COS (T- (3,) (469) 
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(471) 
EI,, sin G.-Hb sin Gb 
Ha COS Ga-Hb COS Gb Gd= tan-' 

The pro es quadrant for Gd is dctcrmined by the signs of the nunies- 
ator an I f  denominator of the abovc fraction, these being the same, 
res ectively, as for the sine aiid cosine of the angle. Formulas (470) 
a n i  (471) may be solved graphical1 (fig. 34) b drawing from any 

respectively; from tho poiiit D a line DE to represent in length and 
direction IJb and ( G b f  180'), respectively. The connecting line from 

point C a line CD to represent in ry ength and c r  irection Ha and Gal 

90" 

I 
270° 

Ftr;uWE 31. 

to E will represeiit by its length tho amplitude Igd and by its direc- 

440. Formulas (470) nnd (471) may be modified to uda.pt them for 
tlon the epoch Gd. 

me with tables 41 and 42. 
Frcjm (470) wo may obtain 

Or 
Hd/Ha= [ 1 + (lgb/lIfl) * + 2 (I$h/Hu) COS (Gb - Ga f 1 80°)]  1 

Hd/IJ&, = [I + (IJa/Hb)2+ 2 (ZIa/IJo) COS (Ga- Gb & 1 80')]' 

(472) 

(473) 
and from (471) wc have 

(474) (HJH,) sin (Gb- G , f  180') Tan (Qd-G )--- 
a -l-k(IIb/fIa) C O S  (Gb-Gu& 180') 
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or 

Formulas (472) and (474) are to be used when the ratio Hb/Ha does not 
exceed unity. In this case take argument T of the tabkw==HblHa, and 
argument x=(Qb-Gaf180'). If the ratio H3/Ha exceeds unity use 
formulas (473) and (475) and take argument r=Ha/Hb and argument 
~=(Qa-Q,&180O). The tabular values will give the ratios and 
angular differences represented in the first terms of the formulas. 
Therefore, in order to obtain the am litude Hd, the tabular value 
from table 41 must be multiplied b 8. if the ratio Ha/Ha does not 
exceed unit , or by IJ3 if this ratio I J  oes exceed unit . Also to obtain 

if the ratio does not exceed unity or by (Qbf 180') if the ratio is greater 
than unity. 

441. By the formulas given above separate computations are made 
for each of the tidal constituents. The values obtained for Hd and a d  
are the corresponding amplitudes and Greenwich epochs in an har- 
monic expression for the continually changin difference in elevation 

single time zone is involved, the small g's or modified kappas ( K ' )  per- 
taining to that zone ma be substituted for the Greenwich epochs (Q) 

tions are necessary in the am litudcs to reduce to volocity units and in 

changin difference in water level a t  the two entrances to the strait. 
442. &me the velocity of an hydraulic current is theoretically 

proportional to the square root of the difference in head, we may write 

the epoch B d ,  the tabular value from table 42 must e increased by G., 

of the water surface at the two entrances to t % e strait. When only a 

in the formulas. For t i o prediction of the current, further modifica- 

the epochs to allow for the P ag in the response of the current to the 

(Velocity)2=constant (0 X height difference (476) 

If we now let V equal the average velocity of the current a t  time of 
strength as detcrmmed from actual observations and assume that the 
corresponding difference in water level is 1.02 times the difference 
resultin from the prjncipal constituent M2, we may obtain an approxi- 
mate va s ue for the constant (C) by the formula 

C= P/( 1.02MJ (477) 

in which M2 is the amplitude of the constituent M2 in the harmonic 
ex ression for the difference in head. The application of the factor (4 to all the constituent amplitudes in this expression has the effect 
of changing the hei ht units into units representing the square of the 

443. The lag in the current is usual1 determined by a comparison 

reliminary predictions of the corresponding phases based u on the 
&irmonic constants derived b the method ust described. "his lag 

constituent and the result applied to the preliminary epoch for that 
cons ti tuen t . 

444. In  order that the magnitude of the constituent amplitudesmay 
be adapted for use with the predicting machine, a scale factor (S) IS 

velocity of the resu H ting current. 

of the times of strengths and slacks 9 rom actual observations with 

expressed in hours is multip H ed successivey i by the speed of eac 
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il1trotluced. This factor, which dcpcnds upon the vclocity of thc cur- 
rent, is sclccted with tlie view of obtaining a rcnsonably large working 
scale without cxceeding the limitations of t.he predict.ing machine. The 
following scnlc factors arc suggcstcd : 
- 4 ~ r a g e  vclocity of  ciirrciit at tiinc of st.rcngtti: &ole jurlor 

Less tli8n 0.3 knot ... - -. . _ .  _. _ _  _____..._ ._ .___________.______ 20 
From 0.3 to 0.5 knot .._- 10 
From 0.5 to 1.0 knot - -. -. . _. - - - - _ _ _ _  - - - - _ _  - -. - - - - .. . . . - 5 
From 1.0 to 1.5 knob ._.____ _______-_______.-------.-- - - - -  3 
Froin 1.5 to  2.0 knots. - .  - - .  . - _ _  -. - __. . . - - ___. . _ _  - - - _ _  - - - - . - - -  - 2 
From 2.0 to 3.0 knots.- .  _ _ _ _  _ .________ _ _  _______. .___ _ _ _ _ _ _  _ _  - ._ 1 
From 3.0 to 4.0 knots- - -. - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - -. . - - - - 0.5 
From 4.0 to 5.0 knots ___._____________...____________________-- 0.25 
From 5.0 to 10.0 kiiots ______._______________________________ .__  0.1 

In prncticc, tlic scale fnctor is usually combincd wit,li the factor ((7) 
and the product npplicd to each of the constituent nmplitudcs in the 
'xpression for difference in hcad. 

445. Using the harmonic constnnts, modified in tho mn.nner clc- 
Sc,ribetl nbove, in the predicting machino, thc resulting dial rendings 
Wl reprcsent the squnre of the currcnt velocity. In order to avoid 
the necessity of extracting tlie squnrc root of each individual rending, 
Q squnre-root scalo rnny bo improvisod and substitutod for t,hc regu- 
lnr height din1 on tho machine. From n considcrntion of the con- 
Str!lction of this machine, it cnn bo sliown that with a scale factor of 
' W y  the angular position of a velocity graduation as measured in 
(legrees from the zero point will bo SoX(velocity)2. Thus the 1-lmot 
sraduntion will be spaced go from the zero, the 2-knot graduation a t  
360, the 3-knot8 graduation at 8l0 ,  ctc. For any scnle factor ( S ) ,  the 
forhiula for constrricting the squnre-roo t scala bccomcs 

Angular distnnce from din1 zero=OoxSX (vclocity)2 (478) 

.446. To take nccount of nny nontidnl current not attributed to 
dlp'crence in  head a t  tlie two ontrances to tho strait n spccial gradu- 
~ t l o n  of the square-root scale is necessnfy. Ilet fro renrescnt the 
nOIltitIn1 current velocity, positivo or negative nccording t L  whotlicr it 

in the flood or ebb direction, and let V represent tho result.nnt 
'elocity ns  indicated by any scale graduntion, positivo or XEgILtlvQ 
nccOrtling to whothcr it is flood or obb. Tlic angular distnnce of nny 
Scale graduation as mcnsure(1 ~ r o m  tin initinl point, usuully mnrlted by 

Anglo in degroos=SXSX (V-V0)' (479) 

required anglo is to bo mcnsurctl to t.lie riglit or t.0 tlie left of tha  
'"lt.1111 point according to wliotlicr the niigle (17- I'J is positive or  
"Qght.i:-o. Wlmi setting t,lie prc(1icting mncliino tlie vclocity pointer 
' n ~  be a t  tlie initiiil point mnrlwtl by tlio nrrow \\.lion t,lio S ~ I I I I  of 
tile hnrmonic t.erms is zcro. 

447. 111 tho grapliic ro iroscntntion of tlie soinnintion of tllo liar- 
nloll l~.  t.erms by tho pro( I ictiiig niiicliiiic, tlic scnle of thc ninrigrnin 
'lepell(ls ripon t ~ i o  rnarigrnm gonr rntio ns wc11 ns up011 nny scn1.e fuctor 
B1 i l~h  inny havo bccn introduced. With ti genr riitio of ulilty, tho 
"ale of tlie mnrigrnm is 0.1 inch per unit of xnncliino setting. 111 tlie 
S'lln~~lntion for tlie liytirnrilic C\irwnts, tlie xnnrigrnm ren(i a nntrirnl 

. . 

m o w ,  may then bo expressed by the following formula: 



scale would indicete tho sqniire of tlic velocity. -4 specinl squnrr-rout 
reading scale for taking the velocities rliwct, from tho iiuirigmin i i ~ y  
be prepared ns follows: Let I’=tlisttince of ally velocity grntluntioll 
from zero of scale. Then 

1’ ( in  i n c h )  =0.1 X (sctile fuct,or) X (gem ratio) X (velocity)2 (480) 

With the sciile filctor i ~ i c l  peiir rntio eii.cli unity, I Iinot of velocit)‘ 
would bo represented by 0.1 iiicli on the i i iwigmn,  2 h o t s  by 0.4 
inch, 3 knots by 0.9 inch, etc. With i t  sctilo tlius constructed tlie 
velocity of tho tidal current inny be tn lwi  directly froin t,he niiir1- 
gram. Any nonticlal current ~i-liicli is to be iticlutlcd rnny nftern-iid 
be applied. 



TABLES 
EXPLANATION OF TABLES 

Table 1. Fwtdaineiital astronoin ical data .-This table includes 
fundamental constants and forinulas with references which form thc 
basis for the computation of other tables contained in this volumc. 
Because of tho smallness of the solar and lunar parallax no distinction 

The eccentricity of the 
earth’s orbit and tlie obliquity of the ecliptic are given for epoch 
January I ,  1900. The former changes about 0.000042 per century 
and the latter about 0.013 of a degree in a century. The values given 
lna therefore be considered as applicable to the present centuiy. 

?lie formulas for lon itude of both sun and inom are the same as 
used in the previous e%ition of this book and are from the work of 
S!nion Newcomb. In  a later work by Earnest W. Brown, slightly 
different values are obtained for the elements of the moon’s orbit but 

differences may be considered negligible in so far as the tidnl work 
of the resent century is concerned. In  tliese formulas it will be noted 
tllat $ is tho number of Julian centuries reckoned from Greenwich 
lllean noon on Deceinber 31, 1899, of the Gre orian calendar which 

aPPllcation of these forinulas to early iK ates special care must be taken 
‘? lnnlce suitrtble allowances for the particulnr calendar in use a t  the 
b e .  

Table 1 includes tho numerical values of the mean longitude of the 
Solar and lunar elexnents for tlie beginning of the century years 
l6OO to  2000 nnd also the rate of change in theso longitudes ns of 
Jhnunry I ,  1900. AS the variations in theso rates are very small, 
tlley are applicable without. inaterial error for all modern times. 
ThlS tnble includes also the principal astronomical periods depending 

the solar and lunar elements with formulas showing how they are 
:lerived. I n  these formulas tho longitude symbol is used to represent 
lt: own rate of change according to the unit in which the period is 
ebPressed. 

Table 2. Harmonic constitut.,its.-This table includes the arguments, 
speeds, and coefficients of the constituont harmonic terms obtained 

the development of the tide-producing forces of the moon nnd sun. 
Th?Y are grouped with reference to the formulas of the text from 
zhleh they are derived, the long-period constituents first, followed 

The reference 
“U1n.nbers in the first coluiim correspond to the numbered, terms of the 
formuhs of the text, the letter A indicating a term in the lunnr 
(‘ev@lopment and the letter B n twin in the solar development. In  
the second coluxiin the usunl symbols are ivon for the princi nl 
Collstituents, parentheses being used when t a e term only partia Y ly 
l e  lesents tlie constituent. 
TFor an explanation of tlie constitucnt argument (E) see pFge 22. 

le argumn.ont consists of two parts-the I’ which contains the 

made between the parallax and its sine. 

‘Orresponds to December 19, 1899, b the Ju  B ian calendar. In  the 

See page 4 for inforination in regard to calendars. 

y the diurnal, semidiurnal, and terdiurnal terms. 

163 
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uniformly changing elcments and dctcrmincs the speed and period of 
the constituent, and the u which is a function of tho moon’s node with 
slow variations and which is treated as a constant for a limited series 
of observations. Bccausc of the very small change in the element PI 
i t  may for practical purposcs also be treated as a constant with a menn 
value of 282’ for the present century. 

The constituent speeds arc obtained by adding the hourly rates of 
change in the clemcnts appearing in the V of the arguments. The 
hour angle (2‘) of the mean sun changes a t  thc rate of 15’ per hour. 
The hourly rate of changc for each of the other elements will be found 
in tablc 1. 

For an explanation of the constitucnt coefficients (C) see a e 24. 
Thc coefficients of the solar terms include the solar factor 8 ?pars- 
graph 118), and coefficicnts of the lunar tcrms involving the 4th power 
of the moon’s parallax include tho factor a/c (paragraph log), in 
order that all terms may be comparable when used with the comrnoll 
basic factor U. It is to be noted that in the present system of coef- 
ficients for the terms of the principal tide-producing force there 1s 
included a factor “2” which was formerly incorporated in the general 
coefficient. For the terms involving the 4th power of the parallax 
thcrc is a corresponding factor of “3” in order that  all terms may be 
comparable in respect to the vertical component force. 

In  general tlie corfficien ts have been co.mputed in accordance with 
thc cocfficierit formulas of thc tcxt, but cxccptions were made for the 
cvectioniil and variational constituents p I ,  y p ,  kz, and pz, tho coeffi- 
cients of which are based upon computations by Professor J. C. 
A d a m  who was associated with Darwin in the investigation of har- 
monic analysis and who carried the development of the lunar theory 
to a higher order of precision than is provided in this work. (See 

p. 60-61 of the Report of British Association for the ddvancernent of 
Eciencc for year 1883.) 

The node factor (f, is explained on page 25. The last column of 
table 2 contains references to the formulae for the node factors of the 
various constituents. 

Table 2a. Shallow-water constituents.-In this table there are listed 
the overtides and compound tides which are described on page 47. 

Table 3. Latitude factors.-This table includes numcrical values pf 
thc latitude (Y) functions which appear in the text as factors in 
formulas representing component tidal forccs and the equilibrium 
height of the tide. The combination symbol a t  thc head of eacl1 
column is talccn to suggest the formula to which it apdies. ThU% 

west components of tho force, the lcttcr v being applicable also to the 
formulas for tlic cquilibrium hciglit of tlic tide which have tlic same 
Iatitudc factors as thc corrcsponding terms in the vcrticnl componcllt 
of 11ic forcc. Tlic first numcral “3” or “4” indicates whcthcr the 
forr.iuln is from the dcvclopmcnt of thc principal forcc involving the 
cubc of the pnrallus OT from tlir dcvclopmcnt involvin thc 4th p o ~ e * ’  
of t l i v  ~~arul lax  of tlic tidc-producing body. Tho ynst digit “0,” 
‘ ‘ I  ,” “2,” or “3” rcfcrs to the spccies of thc constituents and indicates 
wlictlier t h y  arc long-period, diumnl, scmidiurnnl, or t e r d i u r d ,  
In  scvcrnl cuscs the siiiiic latitude fiictor is applicablc to a nuiiibcr Of 
dilfcrcnt groups as iridicatcd tit tlie licnd of thc column in tlic tnblc. 

the lcttcrs 11, s, and w refcr respcctively to the vcrtica I , south, a d  
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The following forniulas werc uscd in comp.uting the latitude factors. 
The maximum valuc (irrespective of sign) with corresponding latitude 
is also given for each function. 
Yo30=(l/3-3/2 sin2Y)------ maximum-1 when Y= &too.  
YO3,=sin 2Y- - - _ _  _ _  _ _ _ _  - - - maximumf 1 when Y= k45'. 
y a 3 0 ,  Ys32, and Yw4:, samc as Yo31 
YOa2=cos2Y-_ - - _ _ _  - _ _ _  _ _  _ _  maximum+ I whcn Y=O. 
17w43 same as Yoat 
YS31 = cos 2 Y- - - - - - - - - - - - - - maximum f 1 wlicn Y= 0 or f 90'. 
Y,,,=sin Y-- - - - - - - - - - - - - - max!mum f 1 when Y= &go0. 
Y,32=cos Y- - - - - _ _  - - - - -. - max!mum+ 1 when Y=O. 
Yo,o=sin Y (cos2Y-2/5)- - - maximum~O.4 whcnY= &go0. 
Yorl=cos Y (cos2P-4/5)- - - mnximuni-0.2754 when Y= f58.91'. 
Yldo same as Yo,, 
Yo4,=sin Y coszY _ _ _ _  - - - - - - maximum f 0.3849 when Y= f 35,260. 
Y143 same as Yo42 
Yo,,=cos3Y. - - - - - - - - - - - - - - maximum+ 1 when Y=O. 
Y,,,=sin Y (cos2Y-4/15)- - maximumFO.2667 when Y= f90°. 
Ya42=cos Y (cos2Y-22/3)- - - maximum-0.2095 when Y= f61.87'. 
YUll= (cos2Y-4/5) - - - - _ - - - - maximum-0.8 when Y= f90°. 

Table 4. Mean longitude of lunar and solar elements.-This table 
contains the mean longitude of the moon (s), of the lunnr perigee ( p ) ,  
of the sun (h), of the solar perigee (pl), and of tlie moon's ascending 
node (N), for January 1, 0 hour, Greenwich mean civil time, for each 
year from 1800 to 2000, the dates referring to the Gregorian calendar. 

These values are readily derived from table 1, the rate of change in 
the mean longitude of the elements for the epoch January 1, 1900, 
being applicable without material error to an time within the two 

tance, to extend table 4 to dates beyond these limits. I n  extending 
the table, care should be taken to distinguish between tho common 
and leap years, and for the enrlior dates due consideration should be 
given to tho kind of calendar in use. (See p. 4 for discussion of 
calendars.) It will be noted that ench Julian century contains 36,525 
dciys, while the common Gregorian century contains only 36,524 days, 
With an additional duy every fourth century. 

Tablo 5 .  Differences to adapt table 4 to any month, day, and hour.- 
These differences arc derived from the dnily and hourly rate of change 
of the elements as given in table 1, multiples of 360' being rejected 
when they occur. The tablo is prcpnred espccinlly for common years, 
but is applicable to leap years by incrensing tlic given datc by one 
day if i t  is between Mnrcli 1 and Decembcr 31, inclusive. Tho cor- 
rection for the hour of tlie day refers to the Greenwich hour, o l d  if 
the hour for which tlic elements nro desired is expressed in anotlier 
kind of time the cquivalent Greenwich hour must bc used lor tlie 
table. 

Table 6 .  Values o j  I ,  v, 6, v', and 2v"Jor each degree ?/N.--ltefcrring 
to figure 1 (page G ) ,  notc that by construction arc R 7" cqiials nrc 
6b 7'. Then in tlic spliericul trinngle A T A ,  the tlirec sidcs arc N ,  v ,  
aIld (N-t), aiid tlie opposite cuiglcs arc respectively (180'-1) , i, and a. 

centuries 1800 to 2000 covered b table 4. T P ie samc rate of chnnge 
may also be used, without intro B ucing nriy errors of practical impor- 
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Tilerefore we h r e  tlio followiirq relations which may be used in com- 
puting the vnlues of I, Y, and 4: in the tnble: 

cos I=cos i cos w - s i n  i sin w cos N 
..10.91370--0.03569 COS N 

tan 3N=0.64412 tan 3-V sin ; ( w - i )  
’3(w-t.i> tnn + ( N - e - v > -  

For the computation of v’ and 2v”, formulas (224) and (232) on 
ages 45-46 niay be used. The tabular values themselves were taken 

korn the preceding edition of this work where they were based upon 
fonnulas differing slightly from those given here but any differences 
nrishg from the use of the latter may be considered as negli ible. 

Table 7. Values sf log R, for amplitude qf constituent f z.-Values 
in this table are based upon formula (213) on page 44. 

Tnble 8. Values qf R .for argument of constituent L2.-Values in 
thie table nre derived from formula (214) on page 44. 

Tnble 8. Values of log Qa for amplitude of constituent M,.--Values in 
thio t a hle nre based upon formula (197) on page 4 1 .  

Tnble 10. Values qf Q .for argument of constituent h4,.-Vnlues in 
this table are derived from formula (203) on page 42. 

Tnble 1 1 .  Values qf u .for equilibrium argv,ments.-This table is 
baeed u on the u-formulas in table 2 and includes values for the 

$11, which are functions of both N niid P are given sepmately in 
table 13 for the years 1900 to 2000. 

Table 12. Log factor F for each degree of I.-The factor F is the 
reciprocal of the node factorf to which references are given in table 2. 
Tlie values in table 12 are based upon the formulas for these factors 
and are given for all the lunar constituents used in the tide-predicting 
innchine, excepting values for Lz and M, which are given separately 
in table 13. 

Table 13. Values of u and log F for Lz and MI.-From a corn- 
pnrisoii of the u’s of constituents Lz, k,, nnd Mz in table 2, it will be 
noted t l i n  t tlie following relations exist: 

rincipa P lunar constituents for each degree of N.  The u’s of Lz and 

u of L2= (U of M2) --R 
u of M,=+(u of Mz)+& 

Also, the following relations mny be derived from formula (215) On 
page 44 and formula (207) on puge 43 siiice the factor F is the reap- 
rocnl of the node factorf: 

log F(L,J=log F(MJ+log R, 
log F(Md=log F(O1)Slog &a 

Tlie values for table 13 were computed by the above formulas, the 
component parts being taken from tables 7 to 12, inclusive. The 
v-dues for log F(M,)  in this table nre in accord with Darwin’s original 
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formula from which a factor of approximntcly 1.5 )vas inadvertently 
omitted (see page 43). 

Table 14. Node factor f for  middle of each year 1860 to 1999.-'~lio 
factorf is the reci rocal of factor F. The valves for thc ears 1850 to 
1950 were taken Jrectly from the Manual of Tidos, by B . A. Harris, 
and the valucs for 1951 to 1999 were derived from trlblcs 12 and 13. 

Table 15. Equilibl-ium argument (V,+u) .for beginning p f  each yea.r 
1860 to 2000.-The equilibrium argument is cliscusscd on pngc 22. 
The tabular values are computed by tlic formulns for tlic argumeiit 
in table 2, the V, referring to the value of V on January 1 ,  0 )lour 
Greenwich mcan civil time, for each year, and tho u referring to tlio 
middle of the same calendar year; that is, Grccnwicli noon on July 
2 in conlmon ycars and the preceding midnight ill leiq years. Tho 
value of the T of thc formulas is 180' for cach midiiight, and tbe 
values of tlie other elenicnts for tlie V may bo obtaiued from tahlo 
4. Tllc u of the argumcnt may he obtained from tablcs 11 and 13 
after the value of N has been determined for tho middle of cacli year 
from tables 4 and 5. I n  constructing table 15 tho valucs for the 

cars 1850 to 1950 wcrc taken dircctly froin the Manual of Tidos, by b . A. Harris, and tlic valucs for the years 1951 to 2000 wcrc coinputcd 
as intlicnted abovc. 

Tables 16, 17, and 18.-Thesc tables givc tlic difl'ercnccs to adapt 
table 15 to any month, day, and hour, and arc computccl froin tlie 
llourly speeds of the constituents as givcii in ta.ble 2. Tlic difl'or- 
ences rcfcr to the uniformly varying portion V of tlic n~rguinciit, i t  
being assumed that for practical purposes tlic portion u is constant 
for tlic entire ycar. 

Tlic approximate Grccnwicli (V,+u) for any desired Grccnwicli 
llour may be obtained by applying tlic appropriate diffcrcnccs from 
tables 16, 17, and 18 to the value for the first of Jnnunry of tlio 
required year, as given in tnblc 15. To rofcr this Grociiwicli (Vo+u) 
to any local meridinn, it is ncccssary to apply a furtliw corrcction 
equal to thc product of tlic longitudc in dcgrccs by the subscript of 
thc constituent, which rcprcscnts tlic numbcr of periods i n ,  a con- 
stitucnt (lay. Wcst loiigitudc is to bc consitlorod as positive niid 
cast longitudc as ncgativc, and tlic subscripts of tho long-pcriod 
"onstitucnts arc to be takcn as zero. This conoction is t>o be 
sub trac tcd. 

Thc (Tr,+u.) obtaincd as above will, in gcncral, tlifl'cr by n sinnll 
amount from tlic vrduc as computcd by Form 344, bocausc in tho 
forrncr clLsc tlle u to the niitl(1lc of tlic ctilentlar year and in 
the latter cnsc to tlic middle of the scrics of observations. 

Table 19. Products .for Ebrm 194.--Tllis is n mill tiplicn.tion tnblo 
C?Pecinlly cdaptcd for usc with Form 194, the multipliors being tho 
Q ~ C S  of Iiiultiplcs of 15'. . Tablo 20. Augmenting .fuctors.-A discussion of nugmcnting fnctors 
Is given on page 71.  The tabular valucs for tlic short-period constit.- 
'lcnts tire obtainccl by formulas (308) nnd (300) oii pngc 72, n.nd thoso 
'or the long-period constitucnts by Eormulns (403) and (404) on 
Page 92. For constituents sl, s,, ctc. tlic nugmcnting factor is unity. 

Tables 21 to 26.-Thcsc tables rcprcscnt pcrturbntions in K1 and 
'2 due to othcr constitucnts of ncarly cqunl speeds. They arc based 

formulas (359) to (364), inclusive, on page 83. 
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Table 27. Critical logarithms for Form 246.-This table was de- 
signed for quicltly obtaining tho natural numbers to threo decimal 

laces for column (3) of Form 245 from the logarithms of column (2). 
$he logarithms are given for every change of 0,001 in the natural 
number. Each logarithm given in this table is derived from the 
natural number that is 0.0005 loss than the tabular number to which 
it applies. Intermediate logarithms, therefore, apply to the same 
natiiral number as the preceding tabular logarithm. For example, 
logarithms less than 6.6990 apply to the natural number 0,000 and 
logarithms from 6.6990 to 7.1760 a ply to thenaturalnumber0,OOl etc, 

Table 28. Constituent s eed di B erences.-The constituent speech as 

Table 29. Elimination factors.-These tables provide for certain 
constant factors in formulas (389) and (390). Separate tables for 
each length of series and different values for each term of the formulas 
are required. The tabular values are arranged in groups of three, 
determined as follows: 

given in table 2 were use Y in the computation of this table. 

180 sin 3 (b-a)r First value=logarithm of - 
?r g(b-a)T-' 

Second value=natural number - sin (b-a)r  always t&en 8s 

Third value=+(b--a).r, if is positive, 

positive. 7r '*(b-a)7 

s (b- -ah  

Table 30. Products jor Form d/t5.-This table i s  designed for ob- 
tainin the products for columns (6) end (7) of Form 246. 

the differences to be ap lied to the solar hours in ordor to obtain tho 
constituent hours to wl!h they most nearly coincido, Each differ, 
encc applies to several successive solar hours, but for brevity only 
the first solar hour of each group to which the diflaronco applies i s  
given in the table. 

An asterisk (*) indicates that the solar hour so marked i s  to bo used 
twice or rejected according to whether tho constituent speed is greater 
or less than 15p, when in tho summation it is dosired to assign a 
single solar hour to each successive constituent hour, For the 
usual summatione in which each solar hour height i s  asd ned to the 
nearest constituent hour no attention need bc given to t e asterisk, 

The table is computed b substituting taucceesive integral values for 

to the corresponding day and hour. The BO 4r hour to bo tabulated 
is the integral hour that immodiately follows the value of (shs) of 
the formula. If the fractional part of (shs) exceeds 0.5, the tabular 
solar hour is marked by an asterisk (*). The successive values of d, 
although used positively in formula (243), are to be considered a9 
negative in the application of the table when the speed of the con- 
stitutent is less than 15p. When tho constituent speed is greater than 
15p, the difference is to be taken ae positive. All tabular differences 
are brought within the limits 4-24 hours and -24 hours by rejecting 
multi les of h 2 4  hours when necessary, and for convenience in use 

Tab 7 e 31. For construction of primarg eten~ils.~-This tablo gives 

T d in formula (243) and re B wing tho resultin solar hour of series (shs) 

all di % ercnces are given in both positive and negative forms. 
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The following exnmple will illustrate the use of the tablc: To find 
constituent 2Q hours corresponding to solar hours 12 to 23 on 16th 
day of series. By the table we see that solar hour 12 of the 16th day 
of series is within the group beginning on solar hour 8 of the samo day 
wit11 the tabular difference of $19 or -5 hours, and that the differ- 
ence changes by -1 hour on solar hours 15 and 21, the latter being 
marked by an askrisk. Applying the differences indicated, we have 
for these solar hours on the 16th day of series: 
Solar hour _ _ _ _  12, 13, 14*, 15, 16, 17, 18, 19, 20, 21*, 22, 23 
Difference---- - 5  -5 -5 -6 -6 -6 - 6  -6  - 6  -7 - 7  -7 ------- ---- 
Cotmtituent 

2Q hour..- - - 7, 8, 9*, 9, 10, 11, 12, 13, 14, 14*, 15, 16 
I n  the results it will be noted that the constituent hours 9 and 14 are 

each rcpresented by two solar hours. If it should be desired to limit 
the rcprcscntation to a single solar hour each, the hours marked 
with the asterisk should be rejected. 

To find constituent 00 hours corresponding to solar hours 0 to 18 
on the 22d day of series. The 0 hour of the 22d day is in tho group 
bFginning on solar hour 14 of the preceding day with tho tabular 
dlffcrcnce of $14 or -10 hours, and changes of +l hour in the 
dflercnces occur on solar hours 3 and 17 of the 22d day. It will be 
noted that the hour 3 is marked by an asterisk. the 

of series: 

Consiiturnt 

I n  the results it will be noted that constituent hours 17 and 8 aro 
hissing. If it is desired to have each of these hours represented also, 
the solar hours marked by nsterisks will be used again. In this tablo 
the constituents have been arranged in accordanco with the length of 
the constituent day. 

Table 32. Divisors f o r  primamj stencil sums.-This table contains 
the number of solar hourly liei hts included in each constituent hour 

heights have been used in tlie summation. 
Table 33. For construction of secondary stencils.-Constituent A is 

the constituent for which the original primary summations have been 
bade, aid constituent B is the constituent for which the sums are to 

derived by the secondary stencils. The “Page” refers to the pago 
Of the origirinl tabulations of the hourly heights in Form 362. Thc 
‘lffcrencos in this table wcre calculated by formula (252), and the 
Corresponding “Constituent A hours” from formula (250) , m being 
&Bslgncd successive values from 1 to 24 for each page of record. 
‘Pecinl sllowarice WRS made for pngc 53 of the record to take account 
Of the fact that in a 369-day series this page includes only 5 days of 
$cord. The sign of the difference is given at tlie top of the column. 
$“ K-P and R-T tho positivo sign is to be used for constituents 

and R and the negative sign for constituents P and T. 
For brevity nll thc 24 constituent hours for every pnge of record 

‘I’C. not direct1 The difference for the 
‘%ltted hours 9 or any page should bo taken nuincricnlly one grcater 

A plyin 
Qcrences from the table ns indicated, we have for t 1 %  e 22 day 

801W hours 0 1 2, 3. 4 6 B 7 R 9 10 I1  12. 13, 14, 15, It?, 17, 18 
D ’ ~ ~ ~ c ~ ~ c ~ . + l a ~ ~ 1 4 ~ + 1 4 , + 1 5 ~ + 1 6 ~ + 1 6 ~ + 1 6 ~ + 1 5 ~ + 1 S ~  -9: -9: -0: -9, -9. -9, -0, -9, -8. -8 

OO hours ~ 14, 15, 10, 18, 10, 20, 21, 22, 23, 0, 1, 2, 3, 4, 5, 0, 7, 0, 10 

@?up for each of the standar 8 length of series when all the hourly 

rcprcscnted in tho table. 
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than tho differenco for the given hours on that page. For an example, 
taka the hours for page 2 for constituent 00 as derived from con- 
stituent J. According to tho table the dift'erence for the constituent 
hours 10 to 3, inolusive, is 9 hours; thercfore the difference for the 
omitted hours 4 to 9, inclusive, should be taken as 10 hours. For 
Constituent ZQ as derived from constituent 0 the three differences 
usually required for each pa e are given in full. 

Tho us0 of the table may % e illustrated from the example above, as 
follows: 

Page 2- 
J-houre- _ _ _  - - - - - 0,  1, 2, 3, 4, 5, 6, 7, 8, 9 , 1 0 , 1 1  
Differonce _ _ _ _ _ _ _ _  +9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 9, 9 

~ - ~~ 

OO-hours _ _ _ _ _ _ _  9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 19, 20 
J-hours- - - - - - - - - - - 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 
DifTcrenco- - - - - - - - +9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9 

~ 

00-hour8 - _ _ _ - _ _  21, 22, 23, 0, 1, 2, 3, 4, 5, 6, 7, 8 
Tho period 24 hours should be added or subtracted when necessary 

in order that tho resulting constituent hours may be between 0 and 23. 
Table 34. For eummat ion  qf long-period constituents.-This table 

is designed to show the assignment of the daily page sums of the 
hourly heights to the constituent divisions to which they most nearly 
correspond. The table is based upon formula (395). The constituent 
division to which each day of series is assigned is given in the left-hand 
column. For Mf, MSf, and Mm there will frequently occur two 
consecutive days which are to be assigned to the same constituent 
division. In  such cases the da which most nearly corresponds to the 

marked by an asterisk (*). The missing day, whether it prccedes 01' 
follows the ono marked by the asterisk, is to be assigned to the same 
constituent division. For Sa a number of consecutive days of series 
w e  assigned to each constituent division. In  the table there are 
givcn the first and last days of each group. 

Table 35. Products aS/16 f o r  Form .&@.-This table contains the 
products of constituent s eeds and time meridian longitudes for 

of Form 444. 
Table 36. Angle. differences f o r  Form &@.-This table gives tho 

diflerencos for obtaming and checking the dial settings for February 1 
and December 31, as entered in Form 445. The differences are do- 
rivod from tables 16 and 17. 

Table 37. Coast and  Geodetic Surveg tide-predicting machine No. 2- 
General gears.-This table gives the details of the general gearing from 
tho hand-operating crank fo  the main vertical shafts, together wit!, 
the details of the gearing in the front section or din1 case. In  this 
table tho gears and shafts are each numbered consecutively for con- 
venience of refercnce, the gears being designated by the letter G and 
the shafts by the lctter S. In the second column arc given the face 
of each bevel or spur genr nnd tlie diameter of each shaft. Tho next 
two columns contain the number of tccth and pitch of each bevel a d  
s ur gear. Tlie pitch is the numbcr of tecth per inch of diameter of 
t 10 gear. The worm screw is equivalent to a gear of one tooth, as it 
requires a complctc revolution of the screw to move the engaged whC0 

constituent division is the o n y  9 one given in the tablc, and this is 

formula (466) which IS use (9 in obtaining values of (K ' -K)  for column A 

f 1 
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one tooth forward. The period of rotation of each shaft and gear is 
Yolative arld refers to the tune as indicated on the face of the machirie, 
Which for convenience is called dial time. 

Table 38. Coast and Geodetic Survey tide-predicting machine No. 2’- 
COnstituent gears.-This table contains the details of the gearing from 
the main vertical shafts to the individual constituent cranks. Column 
1 gives the number of teeth in the bevel gear on the main vertical 
shaft; column 11, the number of teeth in the gear on the intermediate 
shaft that meshes with the gear on the vertical shaft; column 111, the 
number of teeth in the gear on the intermediate shaft that meshes with 
the gear on the constituent crank shaft; and column IV, the number 
of teeth in the gear on the crank shaft. 

Fol: the long-period constituents the worm gear is taken as the 
equivalent of one tooth, For each of these constituents there is 
short secondary shaft on which sliding gears are mounted, but the 
extra gears do not affect the s eed of any of the crank shafts except 
that for constituent Sa in whic i case a ratio of 1:2 is introduced. 

The cranlc-shaft meed Der dial hour for each constituent is eaual to 
3oo column I co’umn’l**~ For constituent Sa the product of 
both values appearing in each of the columns I1 and I11 is to be takpn 
.aS the value for the column. The column of “Gear speed per dial 

~ I X -  

hOW’ contains the speeds aa computed by the above formula: 
For comparison the table contams also the theoretical speed bf each 

Of the constituents and the accumulated error per year due to the 
daerence between the theoretical and the gear speeds. 

For convenience of reference the table includes also the maximm 
am litude settings of the constituent cranke, 

*able 39. Synodic periods of conet~tuente.---?’his table is derived 
from table 28, the eriod re resented by 360’ being divided by the 

Table 40. Day of year corres onding to any date.-This table is 
Convenient for obtainm the d&erence between any two dates and 
ah in findin the midd f o of any series. 

Table 41. Values of h in formula h= (1 +r*+& coa z)!.-This table 
be  used with formulas (472) and (473 on page 149 to obtain 

13” ’ .-This table Table 42. Values of k in formula k=tun-ll+r 
QaY be used with formulas (474) and (475) on pa es 149-160 to 

difference anz the  res&a reduced to days. 

COnstltuent amplitudes for the prediction of h ydraulic currents. 

Obtain constituent epochs for the prediction of hydrau 7 ic currents. 
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Table 1.-Fundamental astronomical da t a  

Mean distance, earth to sun- _ _  - - _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean distance, earth to moon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Equatorial radius of earth (Hayford's Spheroid of 1909)--- 
Polnr radius of earth (Hayford's Spheriod of 1909)------- 

92,897,416 miles a 

238, 857 miles 

3, 963. 34 niiles * 
3, 949. 99 miles a 

Mean radius of earth (a) ,  (Intern. Ell.) 6,371,269 meters b = 20,903,071 feet 
=3, 958. 91 miles 

Solar parallax (Paris Conference) - _ _ _ _  - - - _ -  _ -  --8.80" a = 0. 000,042, 66 radian 
Lunar equatorial horizontal parallax (Brown) -57' 2.70" a = 0. 016, 59 radian 

Mean solar parallax in respect to mean radius (a/cl) -. - - - - - - 0. 000,042, 61 radian 
Mean lunar parallax in respect to mean radius (a/c) - - - - - - -. 0. 016, 57 radian 

Eccentricity of earth's orbit (el), epoch Jan. 1, 1900- - - - - - _ _  
Eccentricity of moon's orbit (e) - _ - - _ _ _  - - -. - - - - - - - - - - - - - 0. 016,75 

0. 054, 90 

Obliquity of the ecliptic ( w ) ,  epoch Jan. 1, 1900 

Inclination of moon's orbit to  plane of ecliptic (27 
23' 27' 8.26" = 

5' 08' 43.3546" * = 

23. 452' 

5. 145' 

Ratio of mass of sun to combined mass of earth and moon 
(Sitter) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Ratio of maw of earth to mass of moon (Hinks) _ _ _ _ _ _ _ _ _ _  
Mass of sunlmass of earth ( S / E )  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Solar coefficient U, = (S/E)  (a/c I ) )  . . . . . . . . . . . . . . . . . . . . .  
Basic fnctor U = ( M / E )  (a/c) 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Solar factor S' = U,/U _ _ _ _ - - - -  - - - - -  - - - - _ _ _  - - _  _ _ _ - _ _ _ _  

327,932 * 
81. 53 

331,954 

.2569 x lo-' 

.5582 x lo" 

0. 4602 

Mass of moon/mass of earth (MI@ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  0. 012,27 

c 

In the following formulas for longitude, T repreeents the number of Julian 
centuries (36525 days) reckoned from Greenwich mean noon, December 31, 1899 
(Gregorian Calendar). 
Mean longitude of sun (h)  

Longitude of solar perigee ( p  I )  

Mean longitude of moon ( a )  

Longitude of lunar perigee ( p )  

Longitude of moon's node ( N )  

Ratio of mean motion of sun l o  that of moon (m) _ _ _ _  - _ _ _  _ _ _  

= 279' 41' 48.04" + 129,602,768.13" T + 1.089" T 2 c 

= 281' 13' 15.0" + 6,189.03" T + 1.63" T * + 0.012" T* c 

= 270' 26' 14.72"+ (1336 rev.+1,108,411.20") T+9,09"TZ+O 

= 334' 19' 40.87 ' + (11 rev. + 392,515.94") T - 37.24'' Tz 
= 259O 10' 57.12'' - (5 rev. + 482,912.63") T + 7.58" T *  + 

.006,8" T a 

- 0.045" 

0.008'' T 
0. 074 

C 

TJ I 

s o  

,804 
0 Amerlcan Ephcmeris and Nautlcal Almanac for year 1940, p. xx. 
b Table of astronomlcnl constants by W. de Sitter, published In Bullctin of the Astronomical InstitUte' 

of the Netherlands, Vol. VIII. No. 307, July 8. 1938, pp. 230-231. -_ 0 Aetronomi-Fl Papers for the Amorican Ephemerle, by Simon Newcomb: Vol. VI, pp. 9-10, and vOl* 
I X  t . 1  p 224. 

d9'!h8 i o k r  Parallax and nelsteed Constants, by Wllllam Harkness, p. 140. 
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IN%+ 0.700 
1.719 

1330r+307.802 
llr+lO8. 032 

-6r--134.142 

163 

359.761,28 
0.017, 18 

13r+lM. 384,82 
40.002,47 

-19.328,19 

Table 1 .-Fundamental astronomical data-Continued - 
MEAN LONGITUDE OF SOLAR AND LUNAR ELEMENT8 IOR CENTURY YEAR8 - 

L 

....................... 

...................... 

Moon's 
node 
N 

RATE OF CHANCE IN MEAN LONGITUDE OF SOLAR AND LUNAR ELEMENTS (ETOCH, IAN. 1,1900) 
-.-. 

Elements 

8un ( A )  ........................... 
8oIer perigee (p , ) . .  ................ 

L@Xl (S)..  ....................... 
Lunar perigee (p) ................. 
b a n * s  node (N) ................. 

Per Julinn cow I Per common 
tury (30526 days)/ year (305 days) Per solar day 

0 

0. 8 & ,  M7,3 
0. OOO, 047,l 

13.176,3M.8 
0.111,104,0 

-0.052,953.9 

301.4IW 
107.343 
33.248 

259.1m 
126.009 

Per solar hour 
-- 

0.041, m,84 
0. OOO, all, 88 

0. .540,010,63 
0 00(,641.83 -4 OOL, 200.41 

(sgmbola rcfer t o  rafc ofchangc in mcan longitude) 

Solar daya 
here111 day 300°/(3000+A).. .................................................................. 0.087, no 
h n n r  (lay, jrm0/(3000+h-8).. ................................................................. I. 035, a ~ ,  

Nodiral month, 300°/(8-N) ................................................................... 27.212,220 
~ ~ O P I C O I  month 3800/a.. ....................................................................... 27.321, ~2 
~ O m a l l s t l c  mohth, 3f10°/(a--p) ............................................................... n. 654,550 

nodlrd month, 3@3"/(a-h) .................................................................. 28. 
d O m ' s  evoctlonnl period, 300°/(a-zA+p) ...................................................... 31,811,839 

~ l l l k w  year, 300y(A-N). .................................................................... 340.020.0 
roplcnl ymr,  300 / h . .  ......................................................................... 305.242,2 

Anomalistir yo3r, 3000/(h--p,) .................................................................. 366. %Q,O 

$mmon yew 385.000, o 306 24% 5 
@ n J u h n y e a r  .............................................................................. 806.2ao,O 

h p  year ...................................................................................... 380. OOO, 0 

eveCttonal period In moon'$ parallax. 300"/(h-p).. ............................................ 411.78(,7 

Revolution of 

- - 

................................................................................. 
Uregorlan year.. ........................................................................ 

h v o ~ u t i o n  otlunsr perlgw 3 ~ / f i : .  ................................................... 8.85 ~utinn YWS 
of moon's n0de,'3eQ0/ ..................................................... 18.61 Jullan Y W S  

perigee, 300o/p, ................................................ 2og JUII~U centuries . 
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Tablo 2.--Harrnonlc conetituente 

Argument (E) 
S w d  per 
solar hour 

Zero (permanont term) .-.. - ._________.___ _ _  _ _ _ _  
a--p ____________________.----  zero ..... ____._____ 0 M 

zero 
2-8-2p.. _ _ _ _ _  ~ _ _ _ _ _ _ _  ~ ._______ I zero _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  I 1: 0 4  

E%) 
- 

f$g 

1: 2 

a. 01 16 
0. obpr 
p. 1 m  

0 0303 
0. wn 
0. 0044 

a m1 

0. esse 
0. OOBa 
0.002a 

0. mu 0. 0031 

0.2340 
0.01 18 
0. ooo3 

0.078 

0. OoOe 
a. ma 

a. 0002 

r-  ._____ 

0,3771 
0730 

0. o m  
0.0007 

0.0015 

a ooel 
0. ooo3 
0. Baza 
0.0297 
0.0287 
0.0024 

O W  
0.0042 
0.0042 

o.oi4a 

0 0030 
0. oaao 
0. O l e a  

0. ma 
0. w 
0. oooq 
0. ooo4 
0.0001 
0. oooa 

_--___--  
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Table 2.-Harmonfc constituents-Contidhed 

Argument (E) 
8peed per 
solar hout 

U 
I I I 

LUNAR DIURNAL TERMS, ~ O R W I L A  ( i a a  , I 

2N1 ..... RT-dI+#h+Jp ________ ._____  ~ + 2u _ _ _ _ _ _ _ _ _ _ _  27.885,364,8 

XI ... .... $T-~+p+leO' _______.__.__ _ _  +%--2v. _ _  _ _ _ _  _ _ _ _  28.466,026,3 
ut. ~ ._ ... RT-Sa+4h-p _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  +$:el, _ _ _ _ _  _ _ _ _ _ _  28.612, W, 1 

I65 

Factor-? 
lormllln 

'Adspteli for uw dPIt2i tabtilet nbde fadtbts, theoretiml value 13 0.0317. 8eo p. 48. 
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Table 2.--.Harrnonic constituents-continued 

Argument (E) 
Speed por 
solar hour 

--- I I 

LUNAR SEYIDIURNAL TERMS, FORMULA (139) 1 1  

SOLAR SEWIDIURBAL TERMS, FORMULA (187) 

8 T  zero _.__.______.___ 30.000,000,0 
dT-h+pl..-. ....___. _ _ _  ... .- 29.958,933,3 
fT+h-p1+18O0 ..____. .._____ zero __..__ _ _ _ _  _.___ 30 .MI ,W,  7 

zero ____. .. . - ~  _ _ _ _ _  
tT-th+tpl ... . . . . ~ __._.. _ _ _ _  29. 917, w. 6 
ZT+fh.. . . .. . . ____ .  . ____. __.. zcro. __________.___ 3O0.0a2,137,3 
8T+h+p1. .. . . . . . ____.__.____ 30. Mi, 0 7 0 , ~  

zero.. .-. .. .. _ _ _ _ _  ~ 

zero ___._____. . . _ _ _  
PT+Sh-pl___. ~ _____. __. . . . . . zero _ _ _ _ _ _ _  _ _ _ _ _  . - ~  30.123,204.0 

30. OOo, 003.9 8T-t.t I . - .  . _ _  _ _ _ _  _.__. . . . ._ _ _  zcro. _ _ _ _ _ _ _ _  ___. _ _  
ZT+4f-tp1 ........ . _ _ _ _  ___.. zero. _ _  _ _ _ _ _ _  _ _ _  __. 30.164,270,6 

1 COYRlAATIOW SEWDIURNAL TERMS, FORMULAE (212) AND (230) I 

I LUSAR TERDIURNAL TERMS, lORMULA (140) I 
ST-Sa+Sh ..... ._._ _ _ _ _  .___ _ _  +3&3u..-. . _ _ _ _  _ _  43.476,156,3 
ST-ba+Sh+p .--._..________. +3C-3~. ~ _.._.____ 42931,781, G 
ST-2a+3h-p+160°...... .___ +3[-3u. -. _ _  _ _ _ _  _ _  44.020,631,0 

- - 
cwm- 
lent (C, 

- 

0.0223 
0. ooo2 
0.0012 

0. m 
0.0034 
0.0010 

0.4227 
0.0248 
0,0036 

0.0010 
0.0365 
0. ooo8 

0. OOoB - -. - - - - 
. - - . - - - - 
0. Do08 

, - - - - -. . 
- - - - -. - 
- - - - . -. 

0.0261 
0.1151 

0.0178 
0. 0050 
0.0010 

0. m 
0.0007 
0.0024 

0. ooo4 

- _ - - _ _ _  
Note 1-Comblncs terms A,s and An. 
Note 2-Comblnas terms An and En. 

Note 3-Comblnes terms AU and AU 
Note 4-Comblnes terms AI ,  and Rtf. 



- 
Symbol 

2M1 .............. 
M1+81. .......... 
MI NI 
291 ............... 
MI$KI::::::::::: 

MN81 ... 
28M1 .... 

Qunrler diurnal 

........... ............ 4T-ls 4h +cE-4~ 
4T--2s 211.. .......... +2€-%...... ..... 
4T-!&+4h ............ +2€-%-2u" ...... 
4T. wo 

4T-D i 4h+p ......... +4€-4~- - .  ........ 
................... ............... 
S&th diurrml 

MKI.... 
2MKj..- 
8K1 ...... 
801 ...... 

4Mt .............. 
SMI+BI .......... 
!2M1+28s. _ _  _ _ _ _ _ _  
2M1+81+N1. .... 
481. ... ._..... .... 

HARMONIC ANALYSIS ANI) PREDICTION OF TIDES 

Table la.-Shallow-water constituents 

Argument 

Orlgln 

degrees per h. 
Semidiurnal 

hY9Mh dlurnol 

8T-&+ EA.... ........ +E€-&...... ..... 
8T-&+Bn. ...... _ _ _ _ _  i -W-0~.  .......... 
BT-lS+uL. - _ _  _ _ _  _ _ _ _ _  +4[-4v. ._ .. _ _  __ - -  
8T-78+6h+p ......... +6€-6r. .......... 
8T- ................... wro. ........ _ _ _ _ _ _  

......... ........... MI+NI-SI ....... 2T-L+4h+p +4t-lv 
281-M1 .......... 2T+-2s-th -%+2v ............ ........... 

....... .... MI+KI .......... 3T-?s+Sh-W 
ZMI-KI .......... 3T-4.¶+24+K1° ....... ......... 3T+h- 800 ............ ............... :$E;::: ......... ST-%+h+ BOD ........ +Y-r ............ 

44.025, In, 0 
42.027.139,8 
46.041,088,d 
43. M, 0346 

86. €62 3127 
87.888,208,4 
80.407,038,0 
sS.eec,lM.2 
07.423,833,7 
90. OOO, OOO, 0 

116.938,41& 0 
116.962,312,7 
117.esS,208,4 
l16.407,938,0 
120. OOO, OOO, 0 

Factor-/ 
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Table 3.--Latit ude. factors 

1 

- 
0 

0 

1 
2 
3 

4 
5 
0 

7 
8 
9 

10 
1 1  
12 

13 
14 
16 

10 
17 
18 

19 
20 
21 

22 
23 
24 

25 
28 n 
28 
28 
30 

31 
32 
33 

34 
35 
36 

37 
38 
30 

40 
41 
42 

43 
44 
4 5  

Y .* 
- 
0. boo 

.boo 

.488 

.490 

,493 
.489 
.484 

,478 
.471 
,403 

,456 
.445 
.435 

.424 

.412 
,400 

.380 

.372 

.357 

.341 

.325 

.307 

.m 

.n1 

.252 

.232 

.212 

.191 

. loo . 147 . 125 

.IO2 

.OM 

.031 

.007 -. 018 
-. 043 -. 009 -. 094 

-. 120 -. 140 -. 172 
-.lea -. 2-24 -. 250 

.n70 

__ 

Y.: 

Y d  
Y ,< 

Y d  

- . 
). oo( 

. b3! 

.07( 

.lo1 

.13( . 174 

. m  

.a: . nc 

.306 

.341 

.375 

.407 

,438 
.409 
.500 

,530 
.559 
.58a 

.018 
,048 
,069 

,095 
,719 
,743 

,708 
I 788 
,800 

828 
848 
806 

883 
899 
914 

9Zl 
940 
951 

QGI 
970 
978 

986 
MI 
995 

998 
969 ooo - 

Y v J  
Y "I 

- 
I. 001 

1 .  ow 
1.9% 
.087 

,995 
.go2 
.BO 

.986 

.981 

.970 

.970 . 904 

.957 

.949 
,941 
,933 

.024 

.915 

. w 5  

.8W 

.883 

.872 

,800 
.a47 
.835 

.R21 

.m 

.794 

.780 

.785 

.7M) 

.735 

.710 

.703 

.087 

.071 

.656 

. G 3 8  
,021 
. e a  
. a 7  
,670 
I 652 

,535 
,517 
,600 - 

YdI 

- 
1. ooo 
0. 969 . 088 
.995 

.ow 

.985 
,978 

,970 
.961 
.951 

.940 

.9n 

.914 

.a99 

.883 

.a68 

.848 

.a28 .em 
,788 
,700 
.743 

.719 

.005 . IN9 

.043 . Olfl 
,688 

. MW 

.530 .m 
,409 
.438 
.407 

,376 
.342 
.309 

. no 

.242 

.208 

.174 

.139 

.lo5 

,070 
. o s  .ooo __ 

Y 9: 

- 
0. ON 

.Oli 

.03: 

.05: 

.07C 

. 10: 

.1n 

.139 
,150 

. 174 

.191 
,208 

. z 5  

.242 

.259 

. no 

.292 

.308 

,320 
,342 
.358 

,375 
.391 
.407 

.423 
4% 
.454 

,409 
.485 
.m 
.515 
.530 
.545 

.650 

.674 

. w  

.002 

.OM . om 

.043 

. G 5 6  

. GO9 

.082 

.095 

.707 

.os7 

- 

Y, 

- 
1.00 

1. OM 
). Qrr .w 
. 991 . 991 . 99: 
. 98: 
.w . QSI 

.08: 

.os: 

.971 

,974 
.07( 
.9M 

.MI 

.95f 
,051 

.94( 

.04C 
,934 

* 027 
.021 
.914 

. wa 

.8W 

.80l 

,883 
.876 
,800 

,857 
. R48 
,830 

,829 
,819 
,808 

,799 
788 
777 

7co 
755 
743 

731 
719 
707 - 

Y .ID 

0. oo( 

,011 
.02: 
.031 

.041 

.05: . 00: 

.071 . OM1 

.OD( 

.os 

.lo6 . 11t 

.124 

.I31 

.138 

.144 . 1m 

.150 

,101 . IOII 
.lo9 

. 172 . 176 

.177 

.178 

.179 

.179 

. 178 . 177 

.176 

.172 

.IO9 
,105 

.lo1 

.155 

. I 5 0  

. 143 
* 130 
.128 

.120 

.lll 

.I02 

.092 

.082 

.071 - 

0.m 

.!m . 191 

. 1Di 

.I91 

.19i 

.1sE 

. 184 

.I79 

.173 

. 107 

.IO1 . 153 

.140 . 137 

.128 

,119 
. I 10  
.m 
.089 
,078 
,007 

.055 

.044 

.032 

.019 

.007 -. 005 
-. 018 -. 031 -. 043 
-. 05fl -. 009 -. 081 
-. 0 3  -. 100 -. 118 
-. 130 -. 141 -. 152 
-. 103 -. 174 -. 184 
-. 1Q4 -. 203 -. 212 - 

1. ooo 
.017 
,035 
.052 

. OGQ 

.08n . 103 

.120 . 130 . 153 

.lea 
,184 .1w 
.214 
.228  
,241 

.255 
: 257 
.280 

.m1 

.312 

,322 
.331 
.339 

.347 . 3,54 

.3M 

,300 
,371 
,375 

,378 
,381 
I 383 

I384 
,386 
I385 

384 
382 
380 

377 
374 
370 

305 
35L1 
364 

.so2 

- 

Y .I 

_- 
1. oo( 

1. MN 
D. 996 . W( 

.OD2 

.986 

.984 

.9i8 

.971 .w 

.055 

.MI? 

.930 

.025 

.014 . MI1 

.888 

.E76 

.880 

.845 

.m 

.814 

.797 

.780 
,702 

.744 

.7M 

.707 

,088 
.071 
.650 

. &YO . GI0 

.5w 

.570 

.550 

.530 

.wo 

.489  

.400 

.450 

.430 

.410 

.301 

.3i2 
,354 - 

YMI 

-- 
D. 001 

.Oli 

.02( 

.03L 

.051 . ou 

.07( 

.w 

.OM 
,111 

.122 . 133 

.143 

.154 

. I 0 3  . 172 

.I81 

.189 
,107 

,204 
.211 
,217 

.2!22 

.z7 
* 231 

.234 

.237 

.239 

.241 . 2.12 

.242 

.241 

.240 . 2% 

. 215 

.232  

.228 

.223 

.218 
,212 

. 2 0 G  
199 

.lQl 

.I83 

.174 

.I05 - 

I 
Y.11 ' Y.1, 

- 
0. 333 

.333 

.332 

.:a0 

.328 
,324 
.321 

.310 

.31 I 

.305 

.m 

.m1 

.284 

. n 5  

.m7 . a 7  

,247 
.237 .no 
.215 
.203 
.191 

.179 
,100 
.153 

.140 

.113 

.loo . 08f1 
,072 

,05R 
.045 
.031 

.071 
, 0 0 4  -. 010 

-. 023 -. 030 
-. 040 

-.w1 -. 073 -. 085 
-. 000 -. 107 -. 118 

.in 

- 

- 
0.200 

.m 

.198 . 197 

.lo5 

.102 . 189 
,185 . 181 
.176 

. li0 

.lo4 

.157 

.I49 

.141 

.133 

.I24 . 116 

.lo5 

.w 

.om 
,072 

.om 

.04i 

.035 

.021 

.008 -. 008 
-.om -. 035 -. 050 
-. o(15 
-.OB1 -. 097 
-. 113 -. 128 -. 145 
-. 102 -. 170 -. 190 

-. 213 -. 230 -. 248 
-. 205 -. 283 -. 300 - 

Y 

- 
0 

1 
2 
3 

4 
5 
0 

7 
8 
9 

10 
11 
12 

13 
14 
16 

10 
17 
18 

19 
P 
21 

n 
2-3 
24 

25 
20 
21 

18 
u) 

11 
12 u 
14 
15 
IO 

17 
IS 
IO 

0 
1 
2 

3 
4 
5 

m 

'In theso columns rovorso signs for south latltude. Other vnlues nro nppllcablo to oither north or south latitude. 



E 

Y 

- 
0 

46 

46 
47 
48 

48 
M) 
61 

62 
63 
M 

66 
MI 
67 

68 
69 
80 

81 
62 
e3 

64 

g 
67 ea 
Be 
70 
71 
72 

B 
VI 

76 
77 
78 

- 
Y.10 

-0.2M) 

-.ne -. so2 
-, 328 

-.SO -. 400 
-. 431 -. 457 -. 482 

-. 607 -. 631 -. 656 

-, 579 -. 602 
-.025 

-.047 -. 600 - . G Q 1  

-. 112 -. 732 -. i 5 2  

-. 11.54 

- 71 

-, 807 

-. 825 -. 641 -. 867 

-.E72 -.em -. 000 
-. 012 

-. 036 
-. 945 -. Oh5 
--.OG3 

-: PQU 

-, 024 

JfARMDTIC ANALYSIS AND PREDICTION O F  TIDES 

==E 

YoW 
YVII 

y4 
Y.11 -- 

* 
I. 000 

). 888 . 888 
* 886 
. 090 
.086 
.918 

.970 

.go1 

.061 

.940 

: 11s 
.SO8 
.883 
.886 

.E48 

.E18 
,608 

,788 
.?E0 . i43 

: ?I2 
.&io 
,043 
, R I G  . M8 
,660 
,630 
,600 

,400 
,438 
,407 

.3715 
,342 
.so9 

.270 

.242 

.208 

.I74 

.139 
,105 

.070 

.036 . 000 

- - 
YIP! 
vm41 

-- 
I. MK) 

,408 
,406 
,448 

.430 

.413 
,390 

,379 
,302 
, a46 

.329 

.313 

.29'1 

.281 

.206 

.260 

.236 .no 

.206 

.192 

.I79 

.10S 

,153 

. I .  * I$" 

: IbH . oQ5 

,086 
.076 
.007 

,050 . (It1 
.043 

,030 
,030 
,024 

.010 

.016 

.Oll 

* 008 
.006 
.003 

.OOl . 000 
* 000 

I 

- - . .. . 

YtII 

-- 
0. ooc 
-. 031 -. 070 
-I lob 

-. I88 - 17 

-. a42 -. 270 -. 300 

-. 341 -. 376 -. 407 

-. 138 -. 4w -. 500 

-. 53a -. 650 

-: 201 

-.5a 

-.e10 
-.043 -. GGU 

-. GO5 -. 719 -. 743 

-. 7Etl 
r, 7R8 -. 800 

-. Boa -. 848 
- .EGO 

-. 883 -. 600 
-, 014 

-. 027 -. 040 -. 051 

-. 001 

-. 078 

-. 085 -. WO -. 005 

-. 808 -. 999 
-1.000 

-. u7o 

- - 
Y .I1 

-- 
* 

I, 707 

,718 
,731 

.!ha 

.777 

.788 
,799 
.a09 

.a10 

.a20 . a9 
,848 
.E67 
.808 

,876 . M3 
. e81 

.699 . EO6 
,014 

,921 
.927 
.024 

, n a  

, 

,040 
.040 
.061 

.ON . 9G1 . OC0 

.070 

.974 
,078 

,882 
.086 
,088 

.Bw 
,9113 
. Q06 
.OM) 

9 ow 
,999 
* 000 
.ooo 

. ma 

- 

- - 

Y*:# 

-7 

.707 

e 4B6 .a2 
.6GU 

.06R 
,643 
.029 

.0!0 

. 588 

* 674 
.568 
.a46 

. a0 

.616 

.600 

.486 

.4GQ 
,464 

.438 
,423 
,407 

.301 

.37s 

.358 

.342 
* 8% . so9 

. ma 

. loa . azo 
,259 

. p42 
,925 
, PO8 

,101 
174 

,150 

130 
122 
105 

067 
070 
062 

,035 
017 
000 
- 

de factors-Continued - - 
Y"40 

.- - 
* 

0.071 

. os9 

.048 
v 096 

S w 2 . 4  

* 010 -. 008 

-. 017 -. 030 -. 044 

-. 068 -. 072 -. 087 

-. 101 -. 115 -. 130 

-. 144 -. 158 -. 173 

-. 187 -. 201 -. 214 

-. 228 -. 241 -. 254 

-. 2Ro -. 278 -. 280 
-. 301 
-.311 -. 322 

-. 331 -: 340 -. 340 
-. 357 -. 3G4 -. 371 

-. 377 -. 3112 -. 387 

-. 391 -. 394 -. 307 

-. 380 -. 400 -. 400 
- 

- - 

% 
-- 

-0, ai@ 

-. 221 -. 22R -, 236 

-. 242 
T-, 249 
-.pa 
-. p0 
-I @tu -. 207 

-.no -. a72 
-, 374 

-. a76 -. 275 -. 276 
-. 274 -. 272 -.no 
-. 288 -. 203 -. 2S8 

-. 2'13 -. 247 -. 241 

-. 234 
-, 220 -. 218 

-. 200 -. 200 -. 100 
-. 179 -. IC0 -. 160 

-. 146 -. 134 -. 121 

-. 100 

-. 062 
-. 060 

-. 042 

-. 028 -. 014 . 000 

-.om 

-. os5 

- 

- - 

%$ 
_- 

e 
). a64 

.347 

.340 
,333 

,326 
.317 
.308 

.289 

.289 

.269 

.269 

.248 

,238 
* 227 
.217 

.208 

.lo5 

.184 

.I82 
,151 

.141 

.130 

.120 

.I10 

.081 

.082 . Oi3  
,066 

.057 
,049 
.042 

,030 
.030 
,024 

,019 
.015 
,011 

.008 

.005 

.003 

.OOl . 000 . 000 

. aso 

.17a 

. in0 

- 

- - 

Y rU 

_-- 
,864 
. aa6 
.31t 
1844 

:% 
.249 

.233 

.218 

.203 

.189 

.175 
* 162 

.I49 
,137 
* 125 

.I14 
,103 
.084 

.OS4 

.076 

.067 

.w 
,053 
,040 

. 040 

.036 

.030 

.025 

.a21 

.017 

,014 
.Oll . 009 

,005 
,004 

,003 
,002 
,001 

,001 

,000 

,000 
.Ooo 
,000 

. on7 

. on0 

- 

- - 

Y*l 

-- 
I. 105 

.156 . 146 

.136 

.I24 

.I12 

.lo1 

.06Q 

.o70 

.OM 

.051 

.038 

.02f 

.012 -. 001 -. 014 

-.OB -. 041 
- .OK1 

-.067 
-.O% -. coi 

-. 106 -. 117 -. 128 

-. 141 -. 152 -. 163 

.. 173 .. 1P3 .. 103 

.. 202 .. 211 .. 219 

.. 2 2 G  

.. 233 

.. 238 

.. 216 '. 220 
'. 254 

'. 2s 
'.!&I 
, 2 0 4  

'. 265 .. 2tio .. 267 

--- 

-0.11, 

-. 137 -. 146 

-. 128 

-. 165 -. 183 -. 170 

-. 177 -. 183 -. 189 

-. 104 -. 198 -. 202 

-. 204 -. 207 -. 208 

-. 208 -. 210 -. 208 

-. m8 

- .mi 

--.me -. 204 
-. 107 -. 103 

-. 188 -. 1P3 -. 177 

-. 170 
-.la.? -. 155 

-. 147 
-. 139 -. 130 

-. 120 
-. 111 -. 100 

-. 090 -. 070 
-. 000 

-. 067 -. 040 -. 036 
-. 023 
--.012 . 000 

169 

Y"Cl 

-p. 3w 

I; yJ 
-. 352 

-. 3?4 -. 383 -. 404 

-. 421 -. 4% 
-.4M 

-. 4il -. 481 -. moi 
-. 516 
-, at -. 6M 
-.MIL -. &a( -. 694 

-.e@$ -. 021 -. 03E 

-. BM -. 071 

-. 083 -. OR4 -. 706 

-. r a  

-. 716 -. 724 
-. 733 

-. 741 -. 740 -. 781 

-. 704 
-. 770 -. 7i6 

-. 781 -. 78.5 -. 780 

-. 792 -. 795 -. 707 

-. 188 
-. 800 -. 800 

Y 

0 

46 

40 
47 
48 

49 
40 
61 

62 
63 
M 

6'5 
66 
67 

t18 
58 
00 

61 
62 
83 

a4 
06 
88 

07 
08 
69 

70 
71 
72 

73 
74 
76 

76 
77 
78 

79 
80 
81 

82 
83 
84 

86 
80 
87 

88 
88 
Bo 

*In these columns reverse slgns lor south latltudo. Other valuos are applloahle to olther north or south 
l a t h d o .  
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33.25 
13.82 

354.69 
335.26 

315.93 
296.55 
277.23 
257 . Bo 
238.57 
219.19 
188.80 
180.53 

Table 4.--Mean longitude of lunar and aolar elements at Jan . I .  0 hour. 
Greenwich mean cfoll t ime. of each year from 1800 to 2000 

[a-mean lon~iludc OJ moon; p=mean longitude lunar pcrlpcc; h-mtan longifudc OJ run; pl-mean lonulluda 
solar pn  1gce; N-longiludc of m m ' a  node] 

I 1852 .... 28.44 
18 -53 .... 171.00 
1854.. .. 330.38 
1855 .... 09.77 

18 56 .... 188 . 15 
1857 .... 341.72 
18 58 .... 111.10 
1859 . ~. . 240.49 

1880 .... 9.87 
1801 .... 152.43 
1WY .... 281.82 
1883 .... 51.20 

Year . I s 

1800 ..... 
1801.---- 
1802 ..... 
1803 ..... 
1604 ..... 
1805 ..... 
1W.. ... 
1807 ..... 

1808 ..... 
1808 ..... 
1810 ..... 
1811 ..... 
1812 ..... 
1813 ..... 
1814 ..... 
1816 .... 
1810 ..... 
1817 ..... 
181 8 ..... 
1819 ..... 
1820 ..... 
1821 ..... 
18 Z ..... 
1823 ..... 

342.81 
111.70 
241.08 

10.47 

139.85 
282.41 

51.80 
181.18 

310.57 
93 . 13 m . 51 

351.90 

121.28 
283.84 
33.23 

182.01 

282.00 
74.66 

203.94 
333.39 

102.71 
245.28 
14.86 

144.04 

101.20 
141.82 
122.49 
103.17 

04.48 
45.13 
25.80 

83.84 

1884 .... 180.59 
1805 .... 3U.15 
1800 .... 02.53 
1807 .... 22l.81 

1809 .... 13d.88 
1870.. .. 263.35 
1871 .... 32.83 

1868 .... 351.30 

0.47 
347.09 
327.70 
308.43 

289.11 
269.72 
250.40 
231.07 

211.74 
192.38 
173.03 
153.70 

134.37 
114.99 
95.00 
76.34 

. . 
P 

1872 .... io2.01 
1873 .... 304. 5€ 
1874 .... 73.M 
1875 .... 203.3: 

1870 .... 332.71 
1877 .... 115.3 
1878 .... 244.m 
1879 .... 14.N 

1880 .... 143.4! 
1881 .... 280.01 
1882 .... 55.3( 
1&73 .... 184.71 

1884 .... 314.1( 
1885 .... 80.7: 
1@86 .... 220.1: 
1887 .... 355.41 

0 

n5.45 
160.12 
MB . 78 
347.44 

2% . 10 
08.88 

I09 . 54 

190.80 
231.61 
272.30 

353.83 
34.40 
75 . OB 

115.73 

156 . 39 
197.10 
237.82 
278.49 

310.15 
359.02 
40.59 
81.25 

121.91 
182 . a9 

244.01 

264.07 
325.45 

6 . 11 
40 . 77 
87.43 

1'28.21 
168.87 
209 . .Y 

250 . 20 
280.87 
331.83 

12.30 

52 .Bo 
93.73 

134.39 
175 . OB 

215.72 
258.48 
207.10 
337.82 

59.2e 
88.81 

140.5€ 

iw . 20 

312 . m 

203.35 

18.48 

1824 ..... 
1825 ..... 
1828 ..... 
1827 ..... 

. . 
b 

273 43 
55.88 

185.38 
314.70 

0 

W . 41 
!80 . 17 
!79.93 
!79.09 

!79.45 
Bo . 20 

!79.72 

279.48 
Bo . 23 
279.88 ne . 75 

179.51 
UIO . 26 

279.78 

179.54 
280.29 
280.05 
279.81 

279.57 
280.32 
280.08 
279.84 

279.01 
280.35 
280.11 
279 . 87 

280.38 
280.14 
L79.91 

279.07 
2RO . 41 
280.1E 
279.84 

279.7C 
280.41 
280.21 
279 . B; 

279.7: 
280.41 
2w) . 2' 
Po . CM 

279.71 
2Ro . 5: 
280 . r 
280.0: 

F79.71 
LBO . tY 
260.31 
280.01 

!79 . m 

280 . n2 

ne . a 182 8 ..... 
1829 ..... 
1830 ..... 
1831 ..... 
1832 ..... 
1833 ..... 
1834 ..... 
1835 ..... 
1830 ..... 
1837 ..... 
1838 ..... 
1839 ..... 

1840 ..... 
1841 ..... 
1842 ..... 
1843.. ... 
1844 ..... 
1845 ..... 
IS40 ..... 
1847 ..... 

. . 
PI 

84.15 
226.71 
356.09 
125.48 

254.86 
37.42 

188.81 
280.19 

05.58 
208.14 
L37.52 

; 108.91 

230.28 
18.85 

148.24 
277.81 

47.01 
189.57 
318.9: 
88.34 

0 

L79.50 
279.52 
279.54 
279.65 

279.57 
279.69 
279.61 ne . 62 

ne . M 
279.60 
279.07 
279.69 

279.71 
279.73 
279.74 
279.70 

279.78 
279.79 
279 . 81 
279.83 

279.85 
279 . RO 
279.88 

279.91 
279.93 
279.95 
279.87 
279.98 
280.00 
2Ro . 02 
280 . os 
280.05 
280.07 
280.08 
280.10 

280.12 
280.14 

7.M. 17 

280.18 
280.21 
280 . n 
280.24 

280 . 2t 
280.2L 
280.2( 
280 31 

280.3: 
280 . 3i 
280.3( 
280.31 

179 . eo 

280 . ie 

339.64 
320.20 
300.Qd 
2111.61 

2R2.211 
242.90 
223.57 
204.24 

18 02 .... 295.5' 
1893 .. ~. 78 . II 
18 94 .... 207.5 
1895 .... 330.9 

18 88 .... 108.3 
1897.. .. 248.8 
18 98 .... 18.2 
1899 .... 147.0 

1848 ..... 
1849 ..... 
law ..... 
1851 ..... 

217.7: 
0.24 

128.0; 
259 .A !  

57.01 1888 .... 124.81 ;::!; 11 lBBI.---l 18 90 2R7.4~ 30.8: 
.... 

358.97 I 1891 ... 186.2 

. . 
P 

__ 
0 

181.24 m . 02 
!02 . ea 
103.34 

144.00 
24.78 
85.44 
I08 . 10 

140 . 77 
187 . M 
m . 20 
268.87 

MB . 5% 

350.30 
30.88 
71.m 

112.29 
153.00 
193.73 
234.39 

275 .OS 
315.83 
356.49 
37.15 

77.81 
118.59 
159.25 
199.91 

240. 5€ 
281.38 
322.01 

2 . d7 
43.34 
84.11 

124.7; 
165.44 

206.1( 
246.8; 
287.54 
328.2 

8.81 
49.0: 
80.3 

130 . W 
171.6: 
212.41 
253.01 
283.71 

. . 
h 
. 

.7 9.82 
180.57 
'80.33 
'80.08 

!79 . R5 
!80.00 
!EO . 30 
m . 12 

!79 . 88 
!80.83 
m . 39 
W.15 

!79 . 91 
m . 68 
N . 4 2  . 18 

z79.94 
Ml . 09 
180 . 45 
180.21 

179.97 
180 . i 2  
180.48 
180.24 

180.01 
180.75 
280.51 
m . 27 

280 . OI 
280.78 
280.54 
280.31 

280.07 
280.81 
280.57 
280.34 

280.84 
280.01 
280.31 

280.13 
280.81 
280.m 
280.4( 

280 . I t  
2W . 91 
280.0; 
280.4: 

280 . i o  

. . 
PI 

... 

1Ro . 40 
180.41 
180.43 
280.45 

2Ro . 46 
280.48 
280 . 50 
280.52 

280.83 
280.55 
280.57 
280.58 

280.00 
280.02 
280.04 
280.05 

280.67 
280.69 
280.71 
280.72 

280.74 
280.70 
2w) . 77 om . 79 

280.81 
280.83 
280.84 
280 . 80 

290 . 88 
280.89 
280.91 
280.93 

280.95 
280.80 
280.98 
281.00 

281.01 
261.03 
281.05 
281.07 

m i  . oa 
m i  . IO 
281.12 
281.13 

281.15 
281.17 
281.1s 
281.z 

. . 
N 
. 

107.55 
88.16 
68 . h4 
49.51 

30.18 
10.80 

351.47 
332.14 

312.81 
203.43 
274. IO 
254.78 

235.45 
210.07 
196 . 14 
177.41 

158.08 
138.70 
119.37 
100.04 

80.72 
61.34 
42.01 
22 . 011 

3.35 
343.97 
324.04 
305.31 

285.8% 
266.00 
247.28 
227.95 

2M1.62 
189.24 
109.91 
150.58 

131.25 
111.87 
82.54 
73.21 

83.89 
34.51 
15.18 

355.85 

330.52 
317.14 
207.81 
278.48 

- 
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Table 4.-Mean longitude o f  lunar and solar elements at Jan. 1, 0 hour, 

Greenwich mean civil t ime ,  o f  each year f r o m  1800 to 2000-Continued 

269.16 
239.83 
220.60 
201.17 

181.84 
162.46 
143.13 
123.81 

- - 
P - 

334.3 
16.0: 
b5.71 
86.31 

137.03 
177.81 
21R. 47 
259.13 

209.79 
340.57 
21.23 
01.89 

102 66 
143.33 
183.99 
224.65 

Zf35.32 
300. I10 
348.7K 
27.41 

GR. 08 
108.85 
149.61 

230.84 
271.61 
112. TI 
362.04 

33.80 
74.37 

116.03 
155.70 

188.36 
237.13 
277.80 
318.40 

359.12 
39.89 
80.66 
121.22 

161.AB 

243.32 
183.88 
124. M 

5.42 
46.08 
88.74 

127.40 
108.18 
m. 04 
w9. w 

im. 18 

m. 05 

1062 ....I 323. 1: 
1953 ...-I 105.71 
IQ~M: ... 235. ia 
ie65..-. 4.48 

19 56...- 133.87 
1957 -... 2i6.43 
10 68-... 46. RZ 
l960---- 1i5.20 

- - 
h - 
0 

280.19 
279.96 
279.71 
279.47 

279.23 ne. 98 
279.74 
279.60 

270.27 
280.01 
279.77 
279.63 

279.30 
m. 04 
279.80 
279.37 

279. 33 
280.07 
279. R4 
279. 00 

279.30 
280.10 
279.87 
270.63 

270.30 
280.14 
279.80 
279.60 

2i9 .  42 
280.17 
279. 93 
779.69 

279.45 
B O .  20 

279.72 

no. 48 
280.23 
279.99 no. 76 

280.26 
280.02 
270.78 

270.64 
280.m 
280.06 
?79.81 

279.67 
280.32 
280.08 
279.84 

EO. m 

ne. 51 

- 

104.48 
M.10 
66.77 
46.44 

27.11 
7.73 

348.40 
320.07 

- - 
PI 

- -- 
0 

281.22 
281.24 
281.20 
281.27 

281.29 

281.34 

281.30 
281.38 
281.39 
281.41 

2A1.43 
2R1.44 
2A1.46 
291.48 

281.50 
231.51 
281.63 
281.6.5 

XI] .  58 
2Rl. 68 
281.60 
281.62 

281.63 
281.65 
2R1.07 
281.69 

251.70 
281.72 
281.74 
281.76 

281.77 
281.79 
281.81 
281.82 

281.84 
281.88 
281.87 
281.89 

281.91 
281.03 
B1.M 
291.88 

D1.98 
281.80 
282.01 
262.03 

182.06 
2232. no 
282. IO 

281. a i  
281. 32 

a2. os 

- 

1880..-. 304.69 
1901.-.. 87.16 
1062 ...- 216.53 
1063 ...- 345.92 

18(14..-. 115.30 
1066 .... 267.88 
lBMI-... 27.25 
1887 .... 156.03 

-a- I/ --Io I 

309.75 
280.36 
271.04 
251.71 

232.38 
213.00 
193.87 
174.34 

1*56.01 
135.63 
110.31 

9fl.OP 

77.05 
68.27 
38.04 
19.01 

0.28 
340.90 
321.67 
302.25 

IOOR...- m.02 
1WO .... 88.58 
1970..-. 107.06 
1971 .... 327.35 

1072..-. 80.73 
1973.--. 239.20 
1974.--. 8.68 
1975 .... 13?.OB 

1976 -... 267.46 
1077 .... 60.01 
1878 .... 179.40 
1079..-. 308.78 

19 So.... 78.10 
1981 .... 220.73 
1RR2 .... 3w.11 
19%l.1.... 119.60 

19 M.... 248.88 
19 @5.... 31.44 
19 M.... 100.83 
1887 .... 280.21 

205.66 
188.17 
180.84 
147.61 

128.19 

89.48 
70.15 

hO.82 
31.44 
12.11 

362.78 

loa. 80 

1992 .... m . 3 1  
1R83..-. 12.87 
lO94---- 142.26 
IQQ&i---- 271.64 

1888...- 41.03 

IBBB.... 31297 
1999..-. 82.36 

2000 .... 211.74 

iw7.-.. 1 ~ 3 . 6 ~  

- - 
P - 
0 

280.10 

11.80 
62.26 

92.92 
133.70 
174.36 
215.02 

256.69 
208.48 
337.12 
17.78 

68.45 
99.22 

139.88 
160. 64 

221.21 
261. 88 

343.31 

23. R7 
64.74 

105.40 
146.07 

180.73 
227. Ml 
M8.17 
308.83 

349.49 

r0.93 
111.69 

152.25 
193.02 
233. GR 
274.36 

316.01 
366.79 
36.46 
77.11 

117.77 
166.66 
189.21 
239.87 

280.63 
321.31 

1.97 
42.63 

93.28 

390. m 

302.61 

30. 20 

- 

- - 
h --- 

279 00 
280.31 

280. 11 
279.87 

279.63 
280.38 
280.14 
279.80 

280.41 
280.17 
279.93 

279.70 
280.44 
280. M 
279.07 

280.47 
280.29 
280.00 

270.70 
280. Ml 
280.27 
280.03 

279.79 
280.54 
280.30 
280. OB 

279.67 

ne. 73 

no. 82 
1 0 .  67 
280.39 
280.09 

279. @5 
280. Bo 
280.36 
280.12 

279.88 
280.83 
280.89 
290.16 

n9.91 
280.08 #. 42 
280.18 

280. 69 
180.46 
Bo. 21 

ne. m 

ne. 97 

- 

- - 
PI -- 

2R2.12 
12 .13  
282.16 
282.17 

22 .18  
282.20 
w. 22 
282.24 

282.25 
272.27 
282.28 
252.30 

282.32 
282.34 
282.30 
282 37 

282.39 
282.41 
282.42 
R2.44 

292.46 
292.48 
282.49 
282.61 

282.63 
282.64 
282. MI 
282.68 

282.60 
282. 61 
282.03 
282.06 

282. 67 

2R2.70 
282.72 

282.73 
282.76 
292.77 
282.79 

282.80 
282.82 
262 A4 
282u 
282.87 
282. A9 
282.91 

282.94 

m2.a 

2~2.92 

- 

- - 
N - 

333.46 
314.07 
204.75 
276.42 

256.09 
236.71 
217.38 
188.05 

178.72 
169.34 
140.01 
120.69 

101.36 
81.98 
62.66 
43.32 

23.99 
4. 61 

346.28 
325.96 

287.24 
207. 02 
248.69 

m. 26 
208.88 
180.66 
171.22 

161.89 
132.61 
113.19 
93.86 

74.63 
65.16 
35.82 
16.40 

357.10 
337.78 
31R. 45 
298.13 

279.80 
260.42 
241.09 
221.70 

202.43 
183. 05 

144.30 

125.07 

306.03 

I~N. 7a 

- 
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0.00 
0.00 
0.00 

0.00 
0.01 
0.01 

Table 6.-Dlfferences to  adapt table 4 to  any month, dau, and hour of 
Greenwich mean civil t ime 

DIFFERENCES TO FIRST OF EACH CALENDAB MONTH OF COMMON YEA- 1 

0.00 July 1 224.03 20.16 
-1.84 AUE. 1 n a . a  2 3 . ~ 2  
-3.12 Bept. 1 321.88 27.07 

-4.77 oct. 1 367.18 a0.41 
-6.36 Nov. 1 46.62 83.87 
-8.00 DLW. 1 80.02 37.21 

0.01 

0.02 
0.01 

-14.4e 

-17.119 
-16.10 

h 

0 

0.00 
0.88 
1.07 

2.98 

4.83 

6.81 
6. 90 
7.80 

8.87 
0.88 

10.84 

11.83 
12.81 
13.80 
14.78 

a.84 

PI -- 
0 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

1.. _ _ _ _ _ _  
2 _ _ _ _ _ _ _ _  
3 _ _ _ _ _ _  _ _  

0.00 
13.18 
%.a6 

0.00 
-0.06 
-0.11 

-0.21 
-0.18 

-0.28 

-0.32 

-0.42 
-0.37 

17 _ _ _ _ _ _  210.82 
I8 _ _ _ _ _ _  224.00 
19 _ _ _ _ - _  237.18 

21. _ _ _ - _  %.a 20.- _ _ _ _  m . 3 6  

n _ _ _ _ _ _  m . 7 0  

P _ _ _ _ _ _  mo.88 

26.. _ _ _ _  a i 6 . a  
24 .-_--- ao3.06 

10 ___._.- 
11 --..... 
12 _ _ _ _  - _ _  

118.69 
131.76 
144.84 

ia _ _ _ _ _ _ _  
ie _ _ _ _ _ _ _  
14 __.____ 
16 _ _ _ _ _ _ _  

IMI. 12 

IW.~K 
171.28 
184.47 

0 

e. 60 
7. 14 
7.69 

8.24 
8.78 
0.a3 

8.88 
10.43 
10.98 

1 1 . a  
12.08 
1283 

S P  -- 
0 

0. OB 
0.06 
0.06 

0.07 
0.07 
0.08 

0.08 
0.00 
0.09 

0.10 
0.10 
0.11 

0 

0.00 
0.00 
0.00 

-0.01 
-0.01 
-0.01 

-0.01 
-0.m 
-0.02 

-0.02 
-0.02 
-0.01 

--- 
12 ...... 
13 _ _ _ _ _ _  
14 _ _ _ _ _ _  
16 ..-... 
18 ._____ 
17 - _ _ _ _ _  
18 ...... 
19 _ _ _ _ _ _  
20 - -__ -_  
21 _ _ _ _ _ _  
22 - -____ 
2a -___-_  

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

-0.03 
-0.04 
-0.04 

-0.04 
-0.04 
-0.0) 

0.. _ _ _ _ _ _  
7 _ _ _ _ _ _ _ _  
8 _ _ _ _ _ _ _ _  
0 ______-_  
10 _ _ _ _ _ _ _  
11 _ _ _ _ _ _ _  

3.29 0.03 
3.84 0.03 
4.30 0.04 

4.84 0.04 
6.48 0.06 
6.04 0.05 

Jan. 

1 1  i001 

0900 
Feb. 1 48.47 3.46 
Mar. 1 57.41 6.67 

0 

0.00 
30. MI 
68.16 

88.71 
118.28 
148.89 

0 

178.40 
20s. BB 
239.61 

208.08 
288. e4 
a m 2 1  - 

E; 0.01 IZ9E -12.87 

I 

DIFFERENCES TO BEQINNING OF EACH DAY OF MONTH FOB COMMON xems I 
I_ 

N - 
0 

-0.88 
-0.90 
-0.06 

-1.01 
-1.08 
-1.11 

-1.18 
-1.22 
-1.27 

-1.82 
-I.'38 
-1.43 

-1.48 
-1.64 
-1.69 
-1. e4 - 

- 
9 P h 91 Day (1 

-17 0 

0.00 
0.11 
0.22 

0. a3 
0.46 
0. w 

0.78 
0.88 

1.00 
1.11 
1.23 

1.34 
1.46 
1. MI 
1.67 

0. e7 

- 

0 

1.78 

2.01 

2.12 

2 3 4  

2.46 
2. MI 

2.70 
2.80 
3.01 

3.12 
3.23 

I. m 

a. P 

2. e7 

a. IH a. 46 

0 

16. n 
le. 78 

18. n 
m. 70 

17.74 

19.71 

21.88 
22.67 
23. ee 
24. €4 
26. e3 

21. eo 
28.66 
28.67 
80.66 

26. e1 

0 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

4 _ _ _ _ _ _ _ _  88.63 
6 _ _ _ _ _ _ _ _  62.71 
6 _ _ _ _ _  _ _ -  86.88 

-0.48 28 _ _ _ _ _ _  829.41 
-0.63 '27 _ _ _ _ _ _  3 4 2 . 8  
-0.u BI _ _ _ _ _ _  356.7e II I 

DWEBENCEB TO BEGINNING OF EACH HOUR OF DAY. GREENWICH CIVIL TIME - 
h 

- 
h I/ *Our I 

0 

0.00 
0.04 
0.08 

0. 12 
0.16 
0.21 

0.26 
0.29 
0. a3 

0.41 
0.46 

0. a7 

- 

0 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 - 

0 

0.40 
0.63 
0.67 

0.80 
0.70 

0. 74 
0.78 
0.82 

0. BB 

0. 84 

0. e2 

0. eo 

;,I 0.00 -0.03 -00.03 

0.00 -0.03 

3 1 1.651 0.01 
4 _ _ _ _ _ _  _ _  2.20 0.02 
6 _ _ _ _ _ _ _ _  2.76 0.02 

fl/ 1;s 
0.00 -0.aa 

1 The table may also be used dlrwtly for dated betwren Jan 1 and Feb. 29 lnclutive, of leap years' but 
If the re ulred data falls between Mer. 1 end Dbo. a 4  Inclwlvie, of 8 leep yea;, the day of month should be increase! by one before entarlnR tbe table. 
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Table 6.-values of I ,  V ,  E ,  u’, and 2 ~ ”  for each degree of N .  

Posltlve 
always 

- 
) i f f .  

0 

0 
1 
0 

1 
0 
1 

1 
1 
2 

1 
2 
1 

2 
2 
2 

2 
2 
3 

2 
3 
2 

3 
3 
3 

4 
3 
4 

3 
4 
4 

4 
4 
4 

4 
8 
4 

5 ; 
6 
6 
8 

I 
f 

- 

- 

Positive when N is between 0 and 1W0: negative whon N Is 
between 180 and 380” 

Y - 
0.00 

0.10 
0.38 
0. €4 

0.75 
0.04 
1.12 

1.31 
1. M) 
1.M 

1.87 
2.05 
2.24 

2.41 
2.01 
2.70 

2. 0E 
3. le 
3.34 

3. Si 
3.7c 
3 , s  

4.M 
4.24 
4.4: 

4. lx 
4.7I 
4. 0! 

5.1: 
6.3( 
5.41 

6. G! 
5.8: 
5.0( 

0. II 

0.a 

0. dl 
e. 8: 
6. 91 
7.1, 
7.3 
7.4’  

7.0: 
7.7 
7.0 

0. ai 

- 
‘iff. 10 

19 
18 
10 

10 
18 10 10 

18 
10 

18 
10 
18 

10 
18 
10 

18 
18 18 

18 
18 
18 

18 
18 
I8 

18 
17 
I8 

17 

17 

17 
11 
17 

15 
11 
I (  

17 
1( 
1( 

1( 
1( 
1( 

11 
11 

ia  

e - 
0 

0.00 

0.17 
0.34 
0.51 

0.07 
0.84 
1.01 

1.18 
1.35 
1.61 

1. 08 
1.85 
2.02 

2.18 
2.35 
2.51 

2.88 
2.84 
3.01 

3.17 
3.34 
3. M) 

3. GG 
3.82 
3.08 

4.14 

4.48  

4.02 
4.78 
4.04 

5. 10 
6.25 
5.41 

1. MI 
3.71 
6.88 

0.01 
0.1c 
0.31 

0.4e 
0.71 

e. 0c 
7.04 
7.18 

4. ao 

e. 01 

- 
w. 
17 

17 
17 
10 

17 
17 
17 

17 
10 
17 

17 
17 
16 

17 
10 
17 

io 

io  
17 

17 
10 
16 

18 
1c 
le 

If 
1( 
1t 

1( 
1( 
1( 

1: 
1f 
l! 

I I  
11 
11 

l! 
I!  
11 

1: 
1i 
l! 

13 
1, 

V’ - 
0 

0.00 

0.13 
0. n 
0.40 

0.64 
0.07 
0.80 

0.94 
1.07 
1.20 

1.34 
1.47 
1.00 

1.73 
1.80 
1. BO 
2.12 
2.25 
2.38 

2.51 
2.64 
2.77 

2. Qo 
3.03 
3.15 

a. 28 
3. 4a 
3.53 

3.05 
8.78 
3. ou 
4.02 
4. 14 
4.2c 

4.3t 
4 . N  
4.0: 

4.74 
4. R! 
4.9; 

6, Ot 
6. I( 
5.3( 

5.41 
b, 5: 
5.8: 

- 
Nfl. 
13 

14 
13 
14 

13 
13 
14 

13 
18 
14 

13 
13 
13 

13 
13 
13 

13 
13 
13 

13 
13 
13 

13 
12 
13 

12 
IS 
11 

13 
12 
12 

12 
12 
12 

12 
12 
12 

l i  
12 
11 

11 
11 
11 

11 
11 

- 
0 

0.00 

0.28 
0.57 
0.85 

1.14 
1.42 
1.70 

1.00 
2.27 
2.55 

2.83 
3.11 
3.30 

3. 07 
3.05 
4 . 2 3  

4.51 
4.78 
6. W 
5.83 
6 . 0  
6.87 

6.14 
0.41 
6.08 

0.04 
7.21 
7.47 

7.72 
’1.0s 
8 . 2  

8. M 
9.7: 
0. Ci 

b. 2! 

1: 7”r 
9.01 

10.2: 
10.4f 

10. GI 
10.9: 
11.11 

11.31 
11.01 
11.8 

-- 
) i f f .  
28 

20 
28 
20 

28 
28 
20 

28 
28 
28. 
28 
28 
I 
28 
28 
28 

n 
28 
27 

n 
27 
27 

27 

20 

27 
20 
20 

20 
20 
25 

25 
25 
25 

n 

?s 
L. 
24 

24 
24 
23 

24 
23 
2; 

e: 
1: 

- - 

N 

-- 
0 

3 0  

350 
358 
357 

350 
355 
354 

353 
352 
361 

350 
340 
348 

347 
340 
346 

844 
843 
342 

a41 
a40 
838 

338 
837 
aqo 
a35 
334 
333 

331 
331 
330 

820 
328 
827 

920 
325 
3% 

3m 

820 
810 
318 

317 
316 
316 

an 
sal 
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Table 6.-Values of I ,  Y, [, Y ' ,  tlnd 2 ~ "  161' each degfecr of N-Cohtlnued 

0 

4.9.. _ _ _ _  ._._ 

4fl.. ........ 
4 i . .  ......... 
48 ........... 

40. .......... 
50. .......... 
61. ......... 

52. .......... 
53. . -. - 
64 ........... 

55. .......... 
5(1 ........... 
57. .......... 

58 ........... 
'5u. .......... 
m ......... 

fl2. .......... oa. .......... 
(H ........... 
65. .......... 
00. ...... .-.' 

. - - 

ni ........... 

Posit.ive 
ald'ays N 

I 

I 
I- -~ 

5.m 

6. 74 
5.84 
5.05 

0.05 
fl.15 
0.26 

0.36 
0.45 
0.54 

0. 04 

0.82 

fl. 01 
7.00 
7.00 

7. 17 
7,m 
7.34 

7.42 
7.40 
7.57 

7.04 
7.72 
7.78 

7.80 
7.02 
7. w) 

8.06 
8.11 
8. 17 

8.23 
8.28 
8.34 

8.30 
8.44 
8.48 

8. .s3 
8.67 
8.01 

A. (H 

8.71 

8.74 

0.7s 

8. ra 

' D f f f .  
11 

;y 
lo 

i: 

P, 
O 

; 
; 

; 
7 

' 
;I 

R" 

; 

fl 

i 

b 

17. ez 
a 7 8  h 
27. 2.l 
a?, IC 
27.09 
27. oa m. 07 

26.01 
20.88 
20.78 

20,72 
28.06 
20. bo 
20.62 
2fl.45 
20,38 

20. a i  
as. a4 

io. io 

20.17 

20.03 
25.85 

26.88 
2b. 80 
26.72 

26.05 
26.67 
26.40 

26.41 

25.26 

26.17 
25. OB 
26.01 

24.02 
24.84 
24.70 

24.07 
24.50 
24. M) 

24.42 
24.33 
24.24 

24.16 
24.07 
23.08 

25. a3 

- 
D i f  

5 

0 
0 
0 
f l  
6 

G 
7 
0 

1 
0 
7 
1 
7 
7 
1 
7 
7 

7 
8 
7 

8 
8 
7 

8 
8 
8 

8 
8 
8 

8 
8 
0 

8 
8 
0 

8 
9 
8 

0 
9 
8 

9 
0 

e 

- 

3 

I Podtive *hen N l s  between Oend IMb; neptlte wtlen N l s  
hetween is0 sod 860" 

b 
.- 

b 

4. Q4 

8. 10 
8.26 
8.40 

8. lib 
8.80 
8.84 

8.08 
9.12 

0. 40 
0. M 
0. 07 

R. 81 
0.04 

10.07 

10.10 
10.32 
10.44 

10. MJ 
10. ea 
10. I O  

10. DO 
11.01 
11.12 

11.23 
11.33 
11.43 

11. 5a 

11.72 

11.81 
11.80 
11.08 

12.08 
12.14 
12.21 

12. 28 
12.35 
12.42 

12.48 
12.54 
12.00 

12.65 
12.70 
12.75 

0. 2e 

i i .oa 

- 
9lff. 

10 

I 6  
15 
18 

14 
1'5 
I4 

14 
14 
14 

14 

14 

13 
13 
12 

13 
12 
12 

12 
11 
11 

11 
11 
11 

10 
IO 
10 

IO 
0 
0 

8 
0 

8 
7 
7 

7 
7 
0 

0 
6 
6 

6 
5 

ia 

a 

6 
-- 

d 

7. 18 

7.32 
7.40 
7. OD 

7,87 
8.00  

8. 14 
h. 17 
8.40 

8.62 
8.65 
8.77 

8.00 
0.02 
0. 14 

0. 25 
0. 37 
0.4R 

0.50 
0. 70 
0.81 

0.02 
IO. 02 
10.12 

10.23 
10.32 
10.41 

IO. 50 
10.50 
10.68 

10.77 
10.85 
10.03 

11.01 
11.08 
11.15 

11.22 
11.20 
11. 38 

11.42 
11.47 
11. 53 

11. 58 
11.03 
11.08 

7.7a 

- 
Dff. 

14 

14 
14 
13 

14 
13 
14 

la 
12 

12 
13 

12 
12 
I1 

12 
11 
11 

11 
11 
11 

10 
10 
10 

10 
0 
0 

Q 
L) 
9 

8 
8 
8 

la 

la 

$ 
7 

7 
7 
0 

h 
0 
5 

5 
5 

V' --I 2"" 
--- 

11.82 

12. 04 
12.26 
12.47 

12. tis 
12.XR 
13.08 

13.28 
13.48 
13.87 

14.05 
14. TJ 

14.40 
14.58 
14.75 

14.02 
15. 08 
15.21 

15.30 
15.54 
15. GO 

16.83 
15.06 
10.10 

In. 23 
10.35 
10.47 

10. 58 
IO. 01) 
10.80 

16.90 
17. 00 
17. OQ 

17.17 
17.26 
17.33 

17.40 
11.40 
17.52 

l i .  58 
17.03 
17.67 

17.71 
17.74 
17.77 

la. xo 
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Table 6.--Values o f  I ,  Y ,  E ,  Y ’ ,  and 2v” for each degree o f  N-Continued 

3 

3 
2 
2 

2 
2 
1 

0 
0 
0 

1 
1 
1 

2 
2 
3 

3 
4 
4 

4 
5 
6 

G 
0 
7 

7 
X 
8 

8 
9 

10 

10 
10 
11 

12 
12 
12 

13 
13 
14 

14 
15 

N 

n. 10 
1.78 

8. 75 
R. 72 

80. .......... 

01.. ......... 
02. .......... 
03. .......... 

04. .......... 
05. .......... 
wi ........... 

07.. ......... 
08 ........... 
80 ........... 
100. - _ _  .--. _. 
101.. ........ 
102. ._-- .._.. 

103.. ........ 
104.. ....... 
105. .  ........ 

106.. ........ 
107.. -. -. . -. . 
108. ~ _--_. __. 

100.. ........ 
110.. -. . - . - -. 
111 .......... 

112 .......... 
113 .......... 
114 .......... 

115 ......... 
1 IO. ........ 
117 ......... 

118.. ....... 
110 .......... 
120.. ....... 

121.. ....... 
122.. ....... 
18 . .  ....... 
124. __. .- . ~ -  
125. ........ 
120. ........ 
127.. ........ 
128.. _. _ _ _ _  
1% .......... 
I N - . - -  
131. _ _ _ _ _ _ _ _  
132.--- 

133.. ........ 
134.. - - - -_-_.  
135. ......... 

P0sltlve 
alwnrs 

I 

23.08 

23. so 
23.80 
23. 72 

23.63 
23.54 
23.45 

23.36 
23. 27 
23. 18 

23.00 
23.00 
22.91 

22.82 
22.73 
2.04 

22. &5 
22.46 
22.37 

22.20 
22. I1 

21.03 
21.84 

21.75 
21.67 
21.58 

21.50 
21.41 
21.32 

21.24 
21.15 
21.07 

20.08 
20.01 
20.82 

22. 28 

22.02 

m. 74 m. 00 
20. 58 

20.61 
20.43 
20.35 

20.28 

20.13 
20. 20 

- 
?if.  

0 

0 
8 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
8 
0 

0 
0 
0 

8 
0 
0 

0 
0 
0 

8 
0 
8 

0 
0 
8 

0 
H 
8 

8 

8 

8 
8 
7 

8 
8 
7 

8 
7 

0 

- 

Positlvo when Nls botweenO and 180’; negative when Nls betwoon 
180 nnd 300° 

Y 

0 

12 76 

12.70 
12.83 
12.87 

12.00 
12.03 
12.05 

12.07 
12. ye 
13.01 

13.02 
13.02 
13.02 

13.02 
13.01 
13.00 

12. 08 
12.07 
12.05 

12.02 
12.81) 
12.85 

12.81 
12.77 
12.72 

12.07 
12. G l  
12.65 

12.48 
12.41 
12. 33 

12.25 
12.17 
12.08 

11.88 
11.78 

11.07 
11.65 
11.43 

11.31 
11.18 
11.05 

10.01 
10.77 
10.02 

1 i . m  

-- I (  
0 

11.08 

11.72 
11.76 
11. 80 

11.83 

11.80 

11.02 
11.04 
11.05 

l l . w  
11.07 
11.08 

11. OR 
11.08 
11.07 

1 1 . w  
11.05 
11.03 

11.01 

11.88 

11.83 
11.70 
11.75 

11.70 
11.G5 
11.m 

11.54 
11.48 
11.41 

11.34 
11.2G 
11.18 

11. IO 
11.01 
10.02 

10.82 
10.72 
10.01 

10. 60 
10.38 
10.20 

10.13 
10.00 
0. 87 

1 i . m  

i 1 . w  

- 
D i f f .  

4 

4 
4 
3 

3 
3 
3 

2 
1 
1 

1 
1 
0 

0 
1 
1 

1 
2 
2 

2 
3 
3 

4 
4 
6 

5 
5 
0 

2 
i 
R 
8 
1 

0 
9 

10 

10 
11 
11 

12 
12 
13 

13 
13 

- 

8. Gb 
8. GI 
8. 57 

8.52 
6.48 
8.43 

8.37 
8.31 

8.10 
H. 13 
n. ou 
7. QO 
7.01 
7.83 

7. 75 
7.07 
7.58 

7.40 
7.40 
7.30 

7. 10 
7.00 

n. 25 

7. m 

2 

2 
2 
1 

1 
1 
1 

1 
0 
1 

n 
1 
1 

1 
2 
2 

2 
2 
3 

3 
3 
4 

4 
4 
5 

4 
5 
G 

0 
0 
0 

0 
7 
7 

8 
8 
8 

8 
0 
0 

0 
10 
10 10 

10 

li. 70 
17.81 
17.82 

17. iU 
17. fU 
17. Li2 

17.81 
17.70 
17. i 7  

17.74 
17.71 
17. G7 

17.02 
17.57 
17.51 

17.45 
17.38 
17.30 

17.22 
17.14 
17.05 

10.05 
10.84 
1G. 73 

lfi. 60 
10.37 

1G. 24 
1n.10 
15. W 

15.81 

15.60 

15.33 
15.10 
14 .09  

14.81 
14.02 
14.45 

14.23 
14.03 
13.83 

13.02 
13.40 
13.18 

io. 02 

15. rij 

2 

2 
1 
1 

0 
1 
1 

2 
2 
3 

3 
4 
6 

6 
G 
U 

7 
8 
8 

R 
0 

10 

11 
11 
11 

12 
13 
13 

14 
14 
15 

15 
10 
17 

17 
17 
18 

10 
10 m 
20 
20 
21 

2” 
22 

270 

200 
268 
‘Xi 

2lui 
205 
2fd 

203 
2fi2 
201 

218 
2-50 
258 

257 
250 
255 

254 
253 
252 

a 1  
250 
240 

248 
247 
240 

245 
244 
243 

242 
241 
240 

230 
238 
237 

230 
236 
234 

233 
232 
231 

230 
220 
228 

227 
228 
226 
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Table 6.-Values o f  I ,  v, E ,  v’, and 2v” for  each degree of N-Continued 

0 

- 
V i f f  

8 

7 
7 
7 

7 
6 
7 

0 
7 
0 

0 
0 
0 

5 
G 
5 

0 
5 
5 

4 
5 
4 

4 
4 
4 

4 
4 
3 

3 
3 
3 

3 
2 
2 

2 
2 
2 

1 
2 
1 

1 
0 
1 

0 
0 

__  

Positive when N is between 0 and 180°. negntlve when N is 
between 160 nnd 3GdD 

Y 

10.02 

10.47 
10.31 
10.15 

o. on 
0.81 
0.03 

0.45 
0. 27 
0.08 

8. no 
8. GO 
8.40 

8. 28 
8.07 
7.85 

7.63 
7. 4 1  
7. 18 

0.05 
0.72 
0. 48 

0. 24 
ti. QQ 
5.74 

6.40 
5. 24 
4.08 

4. 72 
4. 40 
4. 10 

3.02 
3. 05 
3. 38 

3. IO 
2. a3 
2. 55 

2. 27 
1.90 
1. 71 

1.42 
I. 14 
0. 80 

0. 57 
0. 20 
0.00 

-_ 
DU 

I! 

1( 
1€ 
17 

17 
1E 
18 

18 
10 
18 

20 
20 
21 

21 
22 
22 

22 
23 
23 

23 
24 
24 

25 
25 
25 

26 
20 
26 

20 
27 
27 

27 
27 
28 

27 
2R 
28 

28 
28 
20 

28 
28 
29 

28 
20 

__ 

c 
- 

0 

0.8i 

0.73 
0. 50 
0.44 

0.2s 
0. 13 
8.07 

8.80 
8.03 
8.40 

8.28 
8. IO 
7.01 

7. 72 
7. 52 
7.32 

7. 12 
0.01 
0. 70 

0.40 
0.27 
0.05 

5.82 
5.50 
6.30 

5. 13 
4.80 
4. 05 

4. 41 
4. 10 
3.01 

3. 00 
3.41 
3. 10 

2. 00 

2.38 

2. 12 
1.80 
1. GO 

1.33 
1.07 
0.80 

0. 54 
0.27 
0.00 

2. 04 

-- 
D i f ,  

14 

14 
15 
15 

10 
10 
17 

17 
17 
18 

18 
10 
10 

20 
20 
20 

21 
21 
21 

22 
22 
23 

23 
23 
23 

24 
24 
24 

25 
25 
25 

25 
25 
20 

20 
26 
20 

20 
20 
27 

26 
27 
20 

n 
27 

- 

Y’ 

0 

7. o( 

0.8( 
0.71 
0.01 

0. 5! 
0.4: 
0.3: 

0. If 
0. Of 
5.0: 

5.M 
5. Of 
6.5: 

6.34 
5. 24 
5. o[ 

4. O! 
4 . N  
4. Bt 
4. M 
4.34 
4.10 

4.03 
3.87 
3.70 

3.64 
3. 37 
3.20 

3.03 
2. 80 
2. GO 

2. 52 
2.34 
2. 17 

1.00 
1.81 
1. 03 

1.4s 
1. 27 
1.00 

0.01 
0. 73 
0.65 

0.37 
0.18 
0.00 

- 
Diff  

11 

11 
12 
11 

12 
12 
13 

11 
13 
13 

14 
14 
14 

14 
16 
14 

15 
15 
I6 

16 
16 
10 

10 
17 
10 17 

17 
17 17 

17 
17 

18 
17 
18 

18 
18 
I8  

18 
18 
18 

18 
18 
18 10 

18 

- 

--- 
2”” 

-- 

13.18 

12. 0G 
12.73 
12 40 

11.70 

12.25 
12.01 

11.61 
11.28 
11. w 
10.74 
10.58 
10.21 

0.04 
9. GO 
9.38 

0. 10 
8. 81 

8.23 
7.04 
7.04 

7. 34 
7.04 
0.74 

0.43 
0. 12 
5.81 

5. 50 
5. 10 
4.87 

4.55 
4.23 
3.01 

3. 50 
3.27 
2.04 

2. 02 
2.20 
1.07 

1.04 
1.31 
0.99 

0.00 
0.33 
0.00 

n. 62 

- 
Diff, 

22 

23 
24 
24 

24 
25 
25 

25 
20 
20 

20 
27 
27 

28 
28 
28 

20 
20 
20 

28 

30 

30 
30 
31 

31 
31 
31 

31 
32 
32 

32 
32 
32 

32 
33 
32 

33 
32 
33 

33 
32 
33 

33 
33 

30 

__ 

225 

224 
223 
222 

221 
220 
218 

218 
217 
210 

215 
214 
213 

212 
211 
210 

208 
208 
207 

205 
204 
203 

mtz 

202 
201 

200 
190 
108 

107 
106 
105 

104 
103 
102 

191 
100 
188 

188 
187 
180 

185 
184 
183 

182 
181 
180 
/ 



- 

0 
5 

10 

15 
n, 
2.5 

30 
35 
40 

45 

50 
55 
60 

65 
70 
75 

80 
85 
Bo 

175 
170 

165 
le0 
155 

150 
145 
140 

135 

130 
125 
120 

115 
110 
105 

100 
95 
80 

180 
I85 
180 

195 
200 
m5 

210 
215 
zdo 

225 

230 
zJ5 
240 

245 
w) w 
260 
285 
270 

- 0  

m m  
35.5 
a50 

345 
a40 
a35 

330 
325 am 
315 

310 
305 
300 

295 
2w) 
285 

280 
'275 no 

0.0708 
0.0695 
0.0654 

0.- 
0. o(I 
0.0407 

0.0287 
0.0182 
0.0065 

9.9951 

9.9843 
9. 6343 
9.8653 

9.9575 
9.9510 
9.9458 

9.9421 
9.9399 
9.9391 

Table 7.-lkg R, for amplitude of constituent L, 

180 

0.0799 
0.0783 
0. om 
0.0€62 
0.0565 
0.0452 

0.0327 
0.0197 
0.0066 

9.9940 

9. ss20 
9.9710 
9.9611 

9.9526 
9.9454 
9.9393 

9.9358 
9.9334 
9.93% 

0.0887 
0. OgTB 
0. oE24 

0.0739 
0.0628 
0.0498 

0.0357 
0.0212 
0. M)66 

9.99% 

9. m 
9. rn 
9.9566 

9. !xn 
9.9395 
9.9336 

9.9292 
9.9266 
9.8257 1 

0.1002 
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Tnblc lO.--Values of Q for argument of constituent M1--Contlnued 
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2n0.1 

237.7 
230.3 
?11.0 

242.7 
244.6 
246. 2 

24% 1 

261.8 

253. 
255. ,  
257.7 

259.7 
201.8 
2G3.8 

207. e 
2io. 0 

233. a 

240. n 

205.9 

27 

n 
27 
27 

2: 
27 
2; 

2; 
2; 
27 

261 
28 
28 

28 
28 
28, 

2RI 
2 8  m 
281 
201 
20 

20: 
20: 
204 

20: 
20( 
20; 

20I 
20C 
3oc 

301 
301 
303 

304 
305 
300 

307 
3 0 R  
300 

310 
311 
312 

313 
31 4 
316 

-_!I- 
Q 1 DIR. ( (  F 

I- -- - 
0 1  

2iO. I 

2i2. 
n4. . 
270. 1 

2iR. m. c 

282. : 
281. : 
280. : 
25s. : 
zoo. 1 
zo1. c 
203. E 

205. c 
207.3 

300.1  
302.3 
303.0 

305.6 
307.0 
308.5 

300.0 
311.3 
312.7 

314.0 
315.3 
310.5 

317.7 
318.0 
920.1 

321.2 
322.3 
323.4 

324.4 
325.4 
320.4 

327.3 
3%. 3 
320.2 

330.1 
330. 0 
331.8 

335.4 
334.2 

208. a 

332. n 

-- 

- - 
Q -- 
0 

334. 

335.1 
335. 
$30. 

337. ~ 

337. ! 
338.1 

330. 
340.! 
340., 

341.: 
342. ( 
342. I 

343. : 
343. I 
344. I 

345. ( 
345. ( 
340. 

347. i 
347. E 

348.4 
340.0 
340.6 

340. i 

350. a 
3 ~ .  a 
361.1 

351.0 
362.1 
352.0 

353.1 
353.0 
354.1 

364.0 
355.1 
365.0 

.?KO. I 

367.1 

367.0 
358.1 
SM. 5 

350.0 
350.5 
300.0 

350. o 

- 

- - 
DIR. 

0.8 

0.8 
0.7 
0.7 

0.7 
0.7 
0.7 

0.7 
0.7 
0.0 

0.7 
0.8 
0.0 

0.0 
0.6 

0.0 
0.0 
0.5 

0.0 
0. 0 
0.6 

0.0 
0.5 
0.5 

0.0 
0.6 
0.5 

0.5 
0.6 
0.5 

0.6 
0.5 
0.6 

0.5 
0.5 
0. 5 

0. 6 
0.5 
0.6 

0.5 
0.4 
0.6 

0.5 
0.6 

0. e 
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Table 11.-Values o f  u for equilibrium arguments 
[ L'dc 8Ipn at head o.leolumn when h'is btfween 0 snd 160°, r ~ i w 8 e  sipn when N i8 befzcen 180 and JW] 

- - 

N 

- 
0 

0 

1 
2 
3 

4 
5 
G 

7 
8 
0 

10 
11 
12 

13 
14 
15 

16 
17 
I8 

10 
?I) 
21 

n 
23 
24 

25 
20 
27 

28 
28 
30 

31 
32 
?3 

34 
35 
30 

37 
38 
30 

40 
I1 
42 

43 
44 
45 
- 

- - 

J I  

- 
D - 
0.00 

0.10 
0.38 
0.50 

0.75 

1. 12 

1.31 
1. 50 
1. nB 

1.87 

2. 24 

2.42 
2. 81 
2. 70 

2. 0R 
3. 10 
3.34 

3. 52 
3. 71 
3.80 

4.07 
4. 25 
4.42 

4.60 
4.7R 
4.00 

5. 13 
5.30 
5.48 

5.05 
6.82 
5.09 

0.10 
0. .13 
0. 50 

0. OF, 
0.83 

7. 16 
7.31 
7. 47 

7. 79 
7. e4 

n. 04 

2.05 

0. BB 

7. a9 

- 

- - 

K I  

- 
0 - 

0.00 

0.13 
0.27 
0.40 

0.54 
0. 07 
0.80 

0.04 
1.07 
1.20 

1.34 
1.47 
1.00 

1.73 
1. A0 
1.09 

2.12 
2. 25 
2. 33 

?. 51 
2. 64 
2.77 

2.00 
3.03 
3. 15 

3. 28 
3.40 
3. 53 

3. 65 
3.78 
3.00 

4.02 
4. 14 
4.26 

1.38 
4.50 
4. 62 

1 74 
L. R5 
1. 07 

5. 08 
I. 10 
5. 30 

5. 4 1  
I. 52 
5. 03 
- 

- - 

Ki  

- 

- 
0.00 

0.28 
0.57 
0.85 

I. 14 
1.42 
1. 70 

1. 09 
2. 27 
2.5s 

2.83 
3.11 
3. 39 

3. 87 
3.05 
4.23 

4. SI 
4.78 
5.00 

s. 33 
5.00 
5.87 

8. 14 
0. 41 
0. &s 
0.04 
7. 21 
7. 47 

7. 73 
7.00 
8.24 

8. 50 
8. 75 
0.00 

0.25 
0.50 
0.74 

0. OR .o. 22 
IO. 40 

.O. 60 
10. u3 
. l .  10 

l.38 
.l.fdl 
1.82 
- 

- - 
M z ,  S 
N, hl 
x, P ,  0 - 

0 - 
0. oc 
0.04 
0. OE 
0.11 

0. 15 
0.10 
0.23 

0.20 
0.30 
0.34 

0.37 
0.41 
0. 45 

0.48 
0. 52 
0. 50 

0. Ro 
0.63 
0. 0 i  

0.74 
0.77 

0. R l  
0. R4 
0. 88 

0.04 
0.08 

1.01 
1.04 
1. OR 

1.11 
1. I4  
1.17 

1.20 
1.24 
1.27 

1.30 
1.33 
1. 36 

1.3R 
1.41 
1.44 

1.47 
1. 50 
1.52 

0. 70 

n. 01 

~ 

- - 

11, 

-- 
- 
0.00 

0.05 
0. 11 
0.17 

0. 23 
0.28 
0.34 

0.40 
0.45 
0.51 

0.50 
0.02 
0. 07 

0.73 
0. 78 
0.84 

n. RO 
0. 05 
1. on 
1. no 
1. 11 
1. 10 

1.21 
1. 20 
1. 31 

1. 37 
1. 42 
1. 47 

1.52 
1.57 
1. 02 

1.87 
1. 72 
1. i o  
1. R 1  
1. K5 
1.00 

1.04 
1.69 
2.03 

2.08 
2. 12 
2.10 

2. m 
2.24 
2. 28 
- 

- 
0.00 

0. OR 
0. 15 
0. 23 

0.30 
0. 3R 
0. 45 

0.53 
0.00 
0. fd 

0.75 
0.82 
0. Do 

1.04 
1. 12 

1.10 
1. 2n 
1.34 

1.41 
1. 4R 
1.55 

1.02 
1.00 
1.75 

1.82 

1. BO 

2.02 
2.00 
2. 10 

2.22 
2.28 
2.35 

2.41 
2.47 
2.53 

2. 50 
2.05 
2. 71 

2.77 
2.82 
2. sa 
2.04 
2.09 
3.04 

n. 97 

1.89 

- 

- - 

Me 

- 
0.00 

0. 11 
0.23 
0.34 

0.45 
0. 50 
0. 08 

0.70 
0.00 
1.01 

1.12 
1.24 
1.34 

1.45 
1.56 
1. 07 

1. 70 
1.00 
2. on 
2. 11 
2.21 
2.32 

2. 42 
2. ,s3 
2. 83 

2. 73 
2.83 
2.04 

3.04 
3. 13 
3.23 

3.33 
3.43 
3.52 

3. 01 
3.71 
3. so 
3. RD 
3. 08 
4.07 

4. 15 
4. 24 
4.32 

4.40 
4.48 
4.67 
- 

- - 

MI 

- 
0. o( 

0. x 
0.4: 

0. M 
0.7: 
0. Bc 
1.0: 
1.x 
1.35 

1.4s 
1.04 
1.70 

1.04 
2.0s 
2.23 

2.38 
2. 53 
2. 67 

2.81 
2.05 
3.00 

3. 23 
3.37 
3.51 

3. 04 
3. 70 
3. V? 

4. os 
4. 18 
4.31 

4.45 
4. ,SI 
4. i o  

4.94 

5. 1R 
5. 30 
5.42 

5 .  54 
5. f15 
5.70 

5 .  87 
5. OR 
0. OB 

n. 11 

4. Ra 
5. no 

- - 
01,Q: 
2 4 ,  P 

- 
0 + 

0.00 

0. 15 
0.30 
0.45 

0.00 
0.75 
0.00 

1.05 
1.20 
1.35 

1. 40 
1.64 
1.70 

1.04 
2.00 
2. 23 

2.- 
2. 53 
2. (18 

2.82 
2.07 
3.11 

3.20 
3. 40 
3. 65 

3. 60 
3.83 
3.08 

4.12 

4.40 

4. 54 
4. NI 
4. 82 

4. 08 

5. 23 

5. 37 
5.50 
5. fA 

5.77 
5. 00 
6.03 

4. ao 

5. in  

0. i o  
6. 20 
6.42 

- - 

00 

- 
0 - 
0.00 

0. FL3 
1.05 
1. 57 

2. 10 
2. 02 
3. 14 

3.07 
4. 10 
4. 71 

5.23 
5.75 
0.27 

0. 70 
7. 31 
7.82 

8.34 

0. 30 

0.87 
10.38 
IO.  80 

I l .30 
ll.RO 
12.30 

12.80 
13.3U 
13. RO 

14.38 
14. R7 
15.30 

15. R4 
10. 32 
18. Ro 

17.28 
17. 70 
18. 23 

8. ns 

18. 6a 
18.10 
IO. 02 

10.08 
10. E3 
10. OR 

11.  43 
21.87 
22.31 

- - 

hf K 

- 
0.00 

0.17 
0.34 
0.52 

0. GO 
0.80 
1. OR 

I. 20 
1.37 
1.51 

1. i l  
1. R8 
2.05 

2. 21 
2.38 
2.55 

2.72 
2.80 
3.05 

3. 22 
3.38 
3.54 

3.71 
3. 87 
4.03 

4. 10 
4.35 
4. 51 

4.07  
4. A2 
4. OR 

5.  13 
5.  20 
5.41 

5.  .so 
5.74 
5.80 

0.03 
0. 1R 
0. 32 

0. 40 
6. Ro 
0. i 4  

0. us 
7.02 
7. 15 

_. - 

2 M K  

- 
0 + 

0.00 

0. OG 
0. 12 
0.17 

0.23 
0.20 
0.35 

0. 41 
0.47 
0.53 

0.60 
0.04 
0.70 

n. 70 
n. 82 

n. 09 

0.88 

0. R3 

1.05 

1. 11 
1. 17 
1.23 

1.28 
1. 34 
1.40 

1.40 
1.52 
1.57 

1. n3 
1.00 
1.75 

I. Ro 
1.230 
1.02 

1.07 
2.03 
2.00 

2. 15 

2.20 

2. 31 
2.37 
2. 42 

2.4R 
2. 53 
2. 60 

2. m 

- - 

hff 

- 
0.00 

0.34 

1.01 

1. 35 
1.08 
2.02 

2. 30 
2. 00 
3.03 

3.30 
3. 70 
4.03 

4.36 
4. i o  
5.03 

6.36 
5.80 
0.02 

0. 3s 
0. 07 
7.00 

7.33 
7. 05 
7. 07 

R. 70 
8. 81 
8.03 

0. 25 
0. 67 
0. 88 

0. 10 
0. 50 
0.81 

1. 12 
1 43 
1. 73 

2.33 
2.03 

2.02 
3.22 
3. 51 

3.80 
4.09 
4.37 

n. 67 

2 03 

- - 

N 

- 
0 

380 

350 
3% 
357 

350 
355 
354 

3 53 
352 
351 

350 
340 
348 

347 
346 
345 

344 
343 
342 

341 
340 
338 

k.'R 
337 
330 

3&5 u4 
333 

332 
331 
330 

328 
328 
327 

820 
325 
F24 

323 
322 
321 

319 
318 

317 
310 
316 

320 

NOTE.-For 1.1 and MI seo Tnblo 13; for 2SM and M81, take u of Ms wlth slgn reversed: for 1'1, Rz, SI, 
62, Sa, S,, TI, hlm, Sa, and 698, take u=O. 
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fit, Ni 
K , M S  
k t  PI y -~ 

a o  - -  
1.52 

1.65 
1.57 
1.60 

1.02 
1.86 
1.07 

1.09 
1.72 
1.74 

1.70 
1.78 
1.80 

1.82 
1.84 
1.80 

1.88 
1.80 
1.91 

1.93 
1.84 
1 . m  

1.08 
l .w  
2.00 

2.02 
2.03 
2.04 

2.05 
2.08 
2.07 

2.08 
2.00 
2.10 

2.10 
2.11 
2.11 

2.12 
2.12 
2.13 

2.13 
2.13 

2.14 
2.14 
2.14 

2 1 4  

Thble 11.-Values o f  u for equilibrium arguments-Continued 
[Use Jprl at head oJco2umn when N ir between 0 and 180°, rmnae rfpn when N Is between 1&0 and SSO"] 

Ma 

2.28 

2.32 
2.36 
2.40 

2.44 
2.47 
2.61 

2.64 
2.58 
2.G1 

2.04 
2.07 
2.70 

2.73 
2.70 
2.79 

2.82 
2.84 
2.87 

2.89 
2.92 
2.84 

2.00 
2.98 
3.00 

3.02 
3.04 
3.00 

3.08 
3.08 
3.10 

3.12 
3.13 
3.14 

3.15 
3.10 
3.17 

3.18 
3.19 
3.19 

3.20 
3.20 

3.20 
3.20 
3.20 

a.m 

- 
N - 
0 

45 

40 
47 
48 

2 
b1 

52 
63 
54 

66 
50 
67 
68 
69 
80 

01 
02 
63 
84 
06 
80 
07 
68 
08 

70 
71 
72 

73 
74 
76 

70 
77 
78 

79 
80 
81 

82 
83 
04 

a6 
BB 
87 

: 
80 
\ 

- - 
J I  

-- 
0 - 

7.94 

8.10 
8.25 
8.40 

8.55 
8.70 
8. 84 

8.99 
9.13 
9. n 
9.41 
9. M 
0.68 

;: c 
10.07 

10.19 
10.32 
10.44 

10.50 
10.68 
10.79 

10.81 
11.02 
11.12 

11.23 
11.33 
11.43 

11.63 
11.63 
11.72 

11.81 
11. Bo 
11. Q8 

12. 00 

12.22 

12.28 
12.38 
12.42 

12.4Q 
I?. 55 
12. Bo 

12.05 
12.70 

12.14 

12.75 
_z 

- - 
KI 

- 
- 

5.03 

5.74 
6.84 
5.95 

0.05 
0. 15 
0.26 

0.3t 
0.45 
6.64 

6. e4 
6.73 
0.82 

0.01 
7.00 
7.00 

7.17 
7.26 
7.34 

7.42 
7.49 
7. b7 

7. e4 
7.72 
7.79 

7.80 
7.02 
7.88 

8.05 
R. 11 
8.17 

8. P 
8.28 
R. 34 

8.39 
R. 44 
8.48 

8.53 
8.57 
8.01 

R. 64 
8.88 
8.71 

8.74 
8. 70 
8.78 
- 

- 
11.82 

12.04 
12.28 
12.47 

12.08 
12.m 
13.08 

13. 28 
13.48 
13.07 

13.80 
14.05 
14.23 

1 40 

14.75 

14.92 
16.08 
15.24 

15.39 
15.64 
15.09 

16.83 
16.06 
10.10 

16. 23 
10.35 
18.4i 

10. 68 
16. 09 
IO. 80 

10. Bo 
17.00 
17.08 

17. 17 
17.2s 
17.33 

17.40 
17.46 
17.62 

17.59 
17. (13 
17.07 

17.71 
17.74 
17.77 

I t :  68 

- 
3.04 

3.10 
3.15 
3.20 

3.25 
3.30 
3.34 

3.30 
Y.44 
3.48 

3.52 
3. Mi 
3. 60 

3.04 
3.08 
3.72 

3.70 
3.79 
3.82 

3. 80 
3.89 
3.02 

3.96 
3.98 
4.00 

4.03 
4.00 
4.08 

4.10 
4.12 
4.14 

4.10 
4.18 
4.10 

4.22 
4.23 

4.21 
4.25 

4.20 
4.27 

4.27 
4.27 

4. m 

4. 28 

4. n 

4. n 

- - 

ME 

- 
- 

4.57 

4.04 
4.72 
4.80 

4.87 
4.94 
6.01 

5.08 
5. 15 
5. n 
5.28 
5.34 
6.40 

5.40 
5.62 
5. 68 

5.03 
5.09 
6.74 

5.78 
5. 83 
5.88 

6.93 
5.97 
0.01 

0.05 
0.08 
0.11 

0. 15 
0.18 
0.21 

0.24 
0.20 
0.28 

0.31 
0.32 
6.34 

0.37 
0.39 

0. 39 
0.40 
0.41 

6.41 
0. 41 
0.41 

0.313 

- 

- - 

ME 
-- 

0 - 
0. 09 

0.19 
6.30 
0.40 

0. M) 
0.59 
0.88 

0. 78 
0.87 
0.96 

7.04 
7. 12 
7.20 

7.28 
i. 30 
7.44 

7.51 
7.68 
7.05 

7.71 
7.78 
7.84 

7.80 
7. Bo 
8.01 

8.11 
8.15 

8.24 
8. 28 

8.32 
R. 35 
8.38 

8.41 
R. 4.1 
8.40 

R. 48 
8. €4 
8.51 

8.62 
8.53 
8.54 

8.54 
8. M 
8. 64 

8. no 

8. 20 

- 

- - 
)I, 91 
Q ,  PI 

- 
0 + 

0.42 

0. 55 
0.08 
0.80 

0.92 
7.05 
7.17 

7. 28 
7.41 
7.53 

7.65 
7.70 
7.88 

7.90 
8.10 
8.21 

8.32 
8.42 
8.63 

8.03 
8.73 
8.83 

8.93 
9.03 
9.12 

9. 22 
9.31 
9.40 

9.48 
0. b7 
9.05 

9.13 
9.81 
9. @a 
9.88 

IO. 08 
IO. 10 

IO. 17 

IO. 30 

IO. 3fl 
IO. 41 
IO. 47 

IO. 57 
IO. 02 

in. 23 

in. 12 

- 

- - 

00 

- 
0 - 

22.31 

22.75 
23.18 
23.60 

24.02 
24.44 

25.20 
25. o(1 
20.00 

26.46 
26.86 
27.23 

27.01 
27. Q8 
28.34 

28.70 
2Q. 06 
28.41 

28.76 
30.09 
30.42 

30.74 
31.00 
31.37 

31.68 
31.98 
32.27 

32.65 
32.82 
33. 08 

33.35 
33.60 
33.85 

34.08 
84.31 
34.63 

34.74 
31.95 
36.14 

35. 33 
36. 60 
35.07 

35. IL? 
35.08 
30.12 

24.85 

- 
7.15 

7.28 
7.41 
7. b4 

7.07 
7.80 
7.92 

8.04 
8. 17 
8.28 

8.40 
8.51 
8.62 

8.73 
8.84 
8.95 

0.05 
9.16 
8. 25 

9.35 
0.44 
0.63 

9.02 
0.71 
9. I 9  

9.87 
L). 95 

IO. 03 

IO. 10 
10.17 
IO. 24 

IO. 37 
IO. 43 

IO. 40 
IO. M 
LO. u) 

In. 05 

IO. 73 

IO. 77 
IO. 91 
IO. 84 

IO. 87 
IO. Bo 
IO. 93 

in. 31 

in. AD 

- - 
'M K 
- 

0 + 
2.69 

2.01 
2. G9 
2.75 

2.80 
2.85 
2.91 

2.88 
3.01 
3.00 

a. 12 
3.17 
3. n 
3.21 
3.32 
3.37 

3.42 
3.40 
3.61 

3.60 
3.01 
3.05 

3. 09 
3. 74 
3. 78 

3.83 
3. A7 
3.91 

3.95 
3.88 
4.03 

4.07 
4.11 
4.15 

4.18 
4. n 
4.25 

4.28 
4.32 
4.35 

4.38 
4.41 
1.44 

4.47 
4.49 
4.52 

-- - 

MI 

- 
0 - 

14.37 

14.05 
14.93 
15.20 

15.47 
15.74 
10.01 

10.28 
10.64 
10.80 

17. OS 
17.30 
17.66 

17.80 
18.04 
18.28 

18. 51 
18.74 
18.97 

19.19 
19.41 
18.03 

19.84 
20.04 
20.25 

20. G4 

21.01 
21. m 
21.37 

21.54 
21.71 

22.02 
22.17 
22.32 

n. 46 
22.69 
22.72 

22.84 
n. Bo 
23.07 

23.17 
23.27 
23.37 

m. 45 

m. a 

21. e7 

- - 
N 

- 
0 

315 

314 
313 
312 

311 
310 
309 

308 
,307 
308 

305 
304 
303 

302 
301 
300 

288 
208 
287 

286 
296 
284 

283 
202 
2Q1 

290 
3 0  
288 

287 
288 
285 

284 

282 

281 
280 
279 

278 n; 
276 

275 
274 

272 
271 
270 

283 

n 3  

- 
Norl.-For I,, nnd MI Joe Tablo 13; lor 2SM and M8f, tako u of Mi wlth sign mver8ed; for PI, RI, 81, 
b18& 84, Ta, Mm, Sa, and Bsrc, tako t h - 4 .  
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Table 11. -  Values of u for equilibrium arguments-Continued 
[Use a b  at head oJcolumn when N { E  bttween 0 and 180°, rmcrac alptl when N la Mwecn 180 and SSP] 

- - 

h 

- 

B( 

91 
0: 
92 

04 
9: 
BE 

97 
OE 
BB 

1OC 
101 
102 

103 
104 
105 

108 
107 
108 

109 
110 
111 

112 
113 
114 

115 
110 
117 

118 
119 
120 

121 
122 
122 

124 
125 
128 

127 
128 
129 

130 
131 
132 

133 
134 
135 

- 
_. 

JI 

- 
12.7! 

12.71 
12.8: 
12 8i 

12. (x 
12.92 
12. oc 
12.96 
13. OC 
13.01 

13.0: 
13.03 
13.03 

13.02 
13.02 
13.01 

12.99 
12.97 
12.95 

12.03 

12.85 

12.82 
12.77 
12.72 

12.07 
12.01 
12.55 

12.48 
12.41 
12.34 

12.28 
12.17 
12.08 

11.98 
11.88 
11.78 

11.07 
I1.M 
11.44 

11.31 
11.18 
'1.05 

IO. 91 
0.77 
0.02 

12. m 

- - 

KI 

- 
0 - 

8.75 

8.81 
8.83 
8.85 

8.80 
8.87 
8.88 

8.89 

8.80 

8.80 
8.80 
8.88 

8.87 
8.80 
8.84 

8.82 
8.80 
8.78 

8.75 
8.72 
8.09 

8.05 
8.01 
8.57 

8.52 
8.48 
8.43 

8.37 
B. 31 
5.25 

5. 10 
3. 13 
5.00 

7. 99 
7.81 
7.83 

I. 75 

I. 58 

1. 40 

1.30 

8. 80 

r. 07 

r. 40 

r. 20 
r. io 
7.00 

- 
17.7; 

17. 75 
17.81 
17.82 

17.83 
17.83 
17.82 

17.81 
17.70 
17. n 
17.74 
17.71 
17.07 

17.02 
17.57 
17.51 

17.45 
17.38 
17.30 

17.22 
17.14 
17.05 

10.05 
16.84 
10.73 

10.02 
IO. LO 
10.37 

LO. 24 
IO. 10 
15.00 

15.81 
15.00 
15.50 

15.33 
15. 10 
14. BO 

4.81 
4. 62 
4.43 

4.23 
4.03 
3.83 

3.02 
3.40 
3. 18 

0 - 
2. 1 

2. 1, 
2. 1: 
2. 1: 

2. 1: 
2. 1: 
2.1: 

2.1: 
2.1' 
2.11 

2. 1( 
2. o( 
2. Of 

2. OE 
2.0; 
2.0( 

2.0: 
2.04 
2.02 

2.02 
2.00 
1.00 

1.08 
1.00 
1.04 

1.03 
1.01 
1.90 

1.88 
1.86 
1.84 

1.82 
1.80 
1. 78 

1.70 
1.74 
1. 72 

1.70 
1. 07 
1.65 

1.03 
1.00 
1.58 

1.55 
1.63 
1. w 

- - 

MI 

- 
0 - 

3 . x  

3 . x  
3.2 
3. x 
3. x 
3.10 
3. IC 

3. le 
3.17 
3.16 

3.15 
3. I4 
3. 13 

3.11 
3. 10 
3.09 

3.07 
3.00 
3.04 

3.02 
3.00 
2.08 

2. ffi 
2.04 
2.02 

2.80 
2.87 
2.84 

2.82 
2.70 
2. 77 

2.74 
2.71 
2.08 

2. G4 
2.01 
2. b8 

2. 54 
2. 51 
2.48 

2. 44 
2. 41 
2. 37 

2.33 
2.20 
2. 25 

- - 
vhM1 

- 
0 

- 
4. ri 
4.21 
4.27 
4.20 

4. UI 
4.20 
4. 25 

4. 24 
4.22 
4.21 

4.20 
4. 10 
4. 17 

4. 15 
4. 14 
4. 12 

4. 10 
4.08 
4.00 

4.03 
4.00 
3.98 

3.05 
3.02 
3.80 

3.80 
3.82 
3.70 

3. 70 
3. 72 
3. GO 

3.05 
3.01 
3. 57 

3. 52 
3.48 
3.44 

3.30 
3.34 
3. 30 

3.20 
3.21 
3.10 

3. 11 
3. w 
3.00 

- - 

Mi 

- 
- 

0.4' 

0.4: 
6.4( 
0.4( 

0.3( 
0.3) 
0.3; 

0.31 
0.34 
0.3: 

0.3c 
0.26 
0.20 

0.23 

0.17 

0. 14 
0. 11 

0. 05 
0. 01 
5.07 

5.03 
6. X8 
5. 83 

5. 78 
5. 74 
5. 00 

5. 04 
5. 50 
5. 53 

5. 47 
5. 41 
i. 35 

i. 29 
i. 22 
5 .  15 

i. 00 
i. 02 
I. 05 

I. 88 

I. 74 

.GB .. 58 
:. 51 

0. 2a 

6. oa 

1. ni 

- 

- - 

hfs 

- 
- 

8.54 

R. 54 
8.54 
8.53 

8.52 
8.51 
8.40 

8.47 
8.45 
8.43 

8.41 
8.38 
8.34 

8.30 
8.27 
8. 23 

8. 10 
8. 15 
8. 11 

8.00 
8.01 
7.90 

7.90 
7.84 
7. 78 

7.71 
7.05 
7.58 

7.52 
7.45 
7.38 

7.30 
7. 22 
7. 14 

7.05 
0. 80 
0.87 

1. 78 
9. 00 
9. 00 

3. 51 
I. 42 
I. 32 

I. 22 
1. 11 
3.01 
- 

0 + 
10.02 

10. oc 
10. 7c 
IO. 74 

10.77 
IO. 80 
10.83 

10.80 
10.88 
1o.w 

10.82 
10.93 
10.04 

10.95 
10.05 
10.05 

10.94 
10.94 
10.03 

IO. 91 
10.8U 
10.87 

10.84 
10.81 
10.78 

10.74 
10.70 
10.05 

IO. e4 
LO. 55 
10.40 

IO. 43 
IO. 37 
IO. 30 

IO. 22 
IO. 14 
io. 08 

0.97 
0.88 
Q. 70 

0.00 
8. 58 
9.47 

0.30 
0. 24 
0. 12 - 

- 
30.12 

30.2t 
36.35 
30.48 

30.68 
30.07 
30.76 

30.82 
30.87 
30.02 

30.95 
30.98 
30.99 

37.00 
30. W 
30.00 

30.93 

30.83 

36.70 
30.07 
30.58 

30.48 
30.30 
30.21 

30.00 
35.03 
35.70 

35.67 
35.37 
35. 10 

34.04 
34.70 
34.40 

34. 10 
33.01 
33.02 

13.31 
12.00 
12.00 

12.31 
11.05 
11. t8 

11. 10 
10.70 
10.37 

30. ao 

- 
10. fG 
10. OL 
10. lx 
10.08 

10. 99 
11.00 
11.01 

11.01 
11.01 
11.00 

11.00 
10.89 
10.97 

10.95 
10.93 

10.87 
10.84 
10.81 

10.77 
10.72 
10.88 

10.03 
10.57 
10.51 

10.45 
10.30 
10.32 

IO. 25 
10.1R 
IO.  10 

10.02 
0.03 
9.84 

9. 75 
0.05 
0.56 

9.45 
9.34 
9.23 

0. 12 
8.00 
8.89 

8.70 
8.03 
8.50 

io. m 

- - 
2MR 

-. 

4- 
4.5: 

4.64 
4. M 
4. M 

4 . a  
4.02 
4.04 

4.05 
4.07 
4.88 

4.00 
4.70 
4.71 

4.72 
4.72 
4.73 

4.73 
4.73 
4.72 

4. 72 
4.72 
4.71 

4.70 
4.00 
4.08 

4.07 
4.06 
4.03 

4.01 
4.58 
4.57 

4.64 
4. 52 
4.40 

4.46 
4.43 
4.40 

4.30 
4.32 
4.a 

4.23 
4. 10 
4. 14 

4. 00 
4.04 
3. w 

- 

MI 

- 
- 

23.3; 

23.4( 
23.64 
23. e1 

23.07 
23.73 
23.75 

23.84 
23.w 
23.01 

23.03 
23.06 
23.08 

23.07 
23.97 
23.00 

23: 04 
23.91 
23. 88 

23.84 
23. 70 
23.73 

23.00 
23. 59 
23.50 

23.41 
23.31 
23.21 

23.00 
22.90 n. 83 

22.00 
22.54 
22.37 

22.03 
21.84 

11.04 
21.44 
11. 23 

21. 00 
93. 70 
93.52 

30. n 
30.01 
io. 75 

n. m 

- - 
N 
- 
270 

289 
288 
287 

280 
205 
204 

uw 
282 
281 

280 
250 
258 

2.57 
258 
255 

2.54 
243 
252 

251 
250 
249 

248 
247 
240 

245 
244 
243 

242 
24 1 
240 

230 
2% 
237 

230 
235 
234 

Ea 
132 
131 

m 
228 
!28 

r(r 
d 
125 

_/ 
NOTE.-FOr b and MI SLW tablo 13; for 28M and M61, tako u Ol MI wlth slgn reversed; for PI, n;, 81, 81, 

Ea, 84, TI, Mm, 8s and Ssa, tnkc d. 



* 
b 

- 
13 

13 
13 
13 

13 
141 
14 

14 
14, 
14 

141 
141 
14' 

141 
141 
18 

16 
16: 
I& 

164 
166 
168 

167 
158 
168 

100 
101 
102 

18.3 
164 
16s 

100 
les 

108 
170 
171 

172 
173 
174 

1 i o  
177 

in7 

'25 

;;; 
NQ - 

2.05 
2.Qo 
2.84 
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4.4 
4 3  
4.2 

Table 11.-Values of u for equilibrium arguments-Continued 
[Use atw at head of column when N 1s bclwcm 0 and 1800, reucrsc rlgn when N 10 b t w c n ,  180 and 3M0] 

0. a0 
0.20 
0.22 

0.18 
0.15 
0. I1 

0.07 
0.04 
0.00 

- - 

JI 

- 
0 - 

IO. 0 

10.4 
IO. 3 
10.1 

9. La 
8. 8 
0.8 

0.48 
8.2 
8. 0 

8.81 
8.6' 
8.4l 

8.21 
8.0 
7. a 
7. B: 
7.4 
7. II 

0. 80 
5. 72 
5.48 

B. 24 
6.88 
6.74 

6.48 
5.24 
1.88 

I.  72 
1. 40 
1. 18 

I. 82 
3. 66 
I. 38 

I. 10 
!. 83 
1. 66 

!. n . 00 
I. 71 

.42 

.14 
1. 60 

1. 57 
1. 20 
1. 00 - 

0.44 
0.38 
0 . a  

0.28 
0.22 
0.17 

0.11 
0.06 
0.00 

- - 
KI 

-- 

- 
7. o( 

G. 81 
6.71 
0.01 

0.6: 
0.4: 
0.3: 

8.11 
0.01 
6.0: 

5.8( 
6. Cd 
6.6: 

6.31 
6.2r 
6.N 

4. Of 
4. e4 
4. el 

I. 60 
I. a4 
1. 18 

1.03 
I. 87 
I. 70 

I. M 
I. 37 
I. 20 

3.03 
2.80 
2.08 

2.62 
2.34 
2.17 

1.88 
1.81 

1.46 
1.27 
I. 08 

0.81 
0.73 
0.66 

0.37 
0.18 
0.00 

1. oj3 

- 

- - 

K1 
-- 

0 - 
13. I1 

12. WI 
12.7: 
12. u 
12.21 
12.0: 
11. ?' 

11. h: 
11. x 
11.0: 

10.7z 
10.41 
IO. 2: 

8. 81 
8.64 

8.H 
8.81 
8.5: 

8.23 
7.04 
7.04 

7.34 
7.04 
0.74 

8.43 
0.12 
6.81 

6. 60 
6. 18 
4.87 

4.66 
4.23 
3.81 

3.68 

2.04 

2.02 
2.20 
1.87 

1.61 
1. 31 
1. 88 

I. 00 
1.33 
1.00 

8. ai 

a. n 

- 

- - 
Mi, N: 
ZN, MI 

PI y 

-- 
0 - 
1.60 

1.48 
1.46 
1.42 

1.30 
1.30 
1.34 

1.31 
1.28 
I. 25 

1.22 
1.10 
1. 10 

1.12 
1.08 
1.00 

1.03 
1.00 
0.80 

0.83 
0.80 
0.80 

0.83 
0.70 
0.70 

0.72 
0.08 
0.00 

0.02 
0.38 
0.66 

0.61 
0.48 
0.44 

0.40 

0.33 
0. a7 

- - 
M 

- 
0 - 

2.2 

2.2 
2.1 
2.1 

2.0 
2.0 
2. M 

1.01 
1.0 
1.8 

1.8' 
1.71 
1. 71 

1.01 
I. & 
1.61 

1.6s 
1.41 
1.48 

.30 
* 34 .a 
.24 
.IO 
. I4  

. 00 

.04 

.88 

. 83 

.ea 

.82 

.77 

.71 
-06 

.01 

.65 
,60 

I 

2.71 
2.7: 
2.0: 

2.0: 
2. M 
2.41 

2.4: 
2.3: 
2.3; 

2 . z  
2. I1 
2. 1: 

2.0( 

1.0: 

1.80 
1.78 
1.72 

1.00 
1.60 
1.62 

1.46 
1.38 
1.31 

1.24 
1. 17 
1.10 

1.02 
0.05 
0. ea 
0.81 
0.74 
0.00 

0. 60 
0.51 
0.44 

0.30 
0.22 

0.07 
0.00 

dr: o( 

0..37 

n. 14 

4.1 
4.0 
4.0 

3. 8 
3.8 
3.7 

3.0 
3. 6, 
3.4 

3.3 
3.2 
3.1 

3.01 
2.0 
2. 8' 

3.78 
2.08 
2.60 

2.48 
2.38 
2.28 

2.17 
2.07 
1.07 

1.80 
1.76 
1.04 

1.64 
1.43 
1.32 

1.21 
1.10 
1.00 

0.88 
0.77 
0.00 

0.65 
D. 44 
0. 33 

D. 22 

D. 00 
n. 11 

- 

- - 

MI 

- 
- 

0.0 

6.64 
5.71 
6.04 

6.5: 
6.41 
6.31 

6.2: 
6. I( 
4.81 

4.81 
4.71 
4.0: 

4. M 
4.3: 
4.2' 

4.11 
3. Qt 
3.81 

3. 71 
3. 68 
I .  45 

I .  18 
I. 04 

t ,  Bo 
!. 70 
!. 02 

2.48 
2.31 
2.18 

2.05 
1.00 
1.70 

1.02 
1.47 
1.33 

1.18 
1.03 
0.88 

0.74 
0.58 
0.44 

0. a 
0.14 
0.00 

I .  a i  

- 

- - 
01, G 
2% 1 

- 
0 + 

0.1: 

8. o( 
8.6 
8.71 

8.61 
8.41 
8.31 

8.11 
8. CI 
7.83 

7. e: 
7. M 
7.3: 

7.11 
A. 01 
6.81 

0.01 
0.4: 
0.2: 

8.03 
6.82 
6.02 

5. 41 
6.20 
4.88 

4.77 
4.65 
4.33 

4.10 
3.87 
3.04 

3.41 
3.18 
2.84 

2.70 
2.40 
2.22 

1.87 
1.73 
1.40 

1.24 
1. 08 
1. 76 

1. to 
1.25 
)*00 
- 

- - 
00 

- 
- 

30.3 

a. 0 
28.4' 
28.0 

28. 51 
28.01 
27. M 

27.0 
20. & 

26.41 
24.81 
24.3 

23.7: 
23. 1: 
22.6. 

21.81 
21.2. 
20.5f 

8.83 
8.20 
8. 68 

17.80 
17.10 
10.48 

16.76 
15.02 
14.20 

13.64 
12.78 
12.02 

11.25 
10.48 
0. i o  
8.81 
8.12 
7.32 

0. 61 
6.71 
4.80 

4.00 
3.27 
2.40 

1.04 
0.62 
0.00 

m. M 

- 

- - 

MB 

- 
0 - 
8. tl 

8.31 
8.2 
8.01 

7.02 
7.71 
7.0. 

7.41 
7.3: 
7. I' 

7.0 
0.8. 
0. GI 

0.6 
0.3: 
e. 11 

6.81 
6.84 
6.01 

5.43 
5. 24 
5.06 

4.85 
4.00 

4.20 
4.00 
3.80 

3.00 
3.45 
3.21 

8.03 
2.82 
2.01 

2.38 
2.18 
1.07 

1.75 
1.63 
1.31 

1.10 
0.88 
0. oa 
0.44 
0.22 
0.00 

4.48 

- 

- - 

!MI 

- 
+ 
3.01 

3.0 
3.81 
3.8' 

3. 71 
3.71 

3. 5' 
3 . 8  
3.4: 

3.31 
3.2 
3.2 

3.1, 
3.01 
2.01 

2. w 
2.81 
2. 7: 

2. 04 
2.54 
2.40 

2. 37 
1. 28 
2. 18 

2.08 
1.W 
1.80 

L. i o  
I .  70 
L. 00 

.48 

.38 .a 
. I 8  
.08 
I. 07 

1. 80 
.70 

1. 05 

.64 . 43 

.33 

.22 

.I1 .oo 

a. 0. 

__ 

- 

Mf 

- 
0 - 

10. i 

10.4 
18. 11 
18.81 

18. bl 
18.21 
17.0. 

17.0 
17.2 
10.8' 

10.61 
10.2l 
16.8' 

16.4s 
16.0, 
14. o! 

14.2' 
13.8: 
13.41 

2.08 
2.54 
2.10 

1.05 
1. 18 
0.73 

0.20 
0. i o  
0.31 

8.82 
8.33 
7.83 

7.33 
0. P3 
0.32 

6.80 
5.28 
4.77 

1.21 
3. 72 
3.10 

2. 00 
2. 13 
I. 00 

1.07 
1. rd 
1.00 - 

- - 
h' 

- 

225 

224 
223 m 
221 
220 
210 

218 
217 
210 

215 
214 

212 
211 
210 

208 
208 

m 
205 
204 

203 
202 

200 
108 
108 

107 
100 
105 

101 
183 
182 

101 
180 
188 

1R8 
187 
IS0 

185 
184 
163 

182 
IS1 
160 

218 

207 

mi 

- NOrx.-For La and MI so0 Tnblc 13: for 2SM and Msf, taka u of Jlr  with sign rrtcrsrd; for PI, Ri, SI, e,, 
61, Ti, Mm, En, nnd Ssn, tnko u-0. 
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Table 12.-Log factor F corresponding t o  every tenth of a degree o f  Z 

Constltuont\ 

JI _ _  _ _  __. . _ _  _ _  
Ei ~ - - - - - - - - - - - 
Ei _ _ _ _  _ _  _ _ _ _ _ _  
MY*, Ni, 2N ... 
Ma... . . . _ _ _  -. - 
Md, M N  ...... 
Mo _ _ _ _ _  ~ _ _ _ _ _ _  
M I  _ _ _ _ _ _ _  _ _ _ _  
01 Qi 24, pi--, 

M K - -  _ _ _ _ _ _  _ _ _  
2MK- _ _ _ _  ~ 

M I  
Mm. 

06 .-__-_______ 

M K  _ _ _ _ _  ~ _ _ _ _  _ _  
2 M K  _ _ _ _ _ _ _ _ _ _ _  
Mf _ _ _ _ _ _ _  _ _  _ _ _ _  
M m  .-.-.-...... 

\ Comtltuont 

MI', N;, 2N.-.. 
MI .....--. _ _ _ _ _  
M4,MN .....-. 

01 QI, 2Q, pi.-- 06. - _ _ _  ~ _ _ _ _  - - 

- - 
18.30 

- 
0.0821 
0.0547 
0. 1283 

8.8839 
0. 87bE 

9.8618 
8.8366 

0.0838 
0.3138 

0.0380 
0. om 
0.2038 

9. 6878 

8. m u  
- - 
18.90 

0.0707 
0.0477 
0.1134 

8 . W  
8 8780 
8. 8707 

9. 8581 
8.9416 

0.2726 

0. m 
0.0184 

0.1768 
8.8614 

a 0811 

- - 
18.60 

- 
0.012 
0.0408 
0.1001 

8. BBBQ 
8. QW4 
8.8736 

0.9807 
8.9476 

D. 0888 
D. 2327 

D. 0277 
3.0146 

1. 1508 
3.8W 

- - 
Dlfl 

- 
-21 
-1i -z 
+i 
-H 
+4 

+E 
+ia 

-22 
-69 

-7 

-40 
+ E  

-10 

- - 
Dlff 
- 
-m - 12 
-22 

+z 
+4 
+6 

+8 
+IO 
-21 
-67 

-9 
-7 

-44 
+8 
- - 
>Iff ,  

- 
-18 
-12 
-23 

+3 
+6 

+8 
t l l  

-m 
-66 

-8 
-6 

-43 
+8 

+a 

- 

0. OSOB 
0.0535 
0.1241 

8. gs4l 
9.9762 
9. 8682 

8. 9524 
8. Q36s 

0.0817 
0.3070 

0.0376 
0.0217 

0.1883 
8.9473 
- - 
19.0' 

0.0887 
0.0466 
0.1112 

9.8868 
8. 8784 
9.9712 

8.9588 
9.9425 

0.0780 
0 . m  

0.0321 
0.0177 

0.1726 
8. 8622 
- - 
18.6' 

D. 0674 
D. MBO 
D. 0878 

0.8872 
0 . m 7  
0.8743 

0.6816 
0. w87 

3.0608 
3. 2282 

I. 0288 
I. 0140 

1. 1466 
3.8673 
- 

- - 
Dlfl 

- 
--2( 
-1: 
-21 

+r +' 
+l 

+i 
+I( 

-21 - 71 

4 
-€ 

-4t 
+r 
- - 
Dlff 

- 
- 19 
-12 
-22 

+4 
+6 

+7 
+10 

-67 

-8 
-6 

-44 
+8 

+a 

-m 

- - 
D i t  

- 
-18 
-11 
-22 

+2 
+4 
+B 
+8 
4-10 
-m 
-66 

-8 
-7 

-42 
+8 
- 

- - 
18.5' 

0.07M 
0.0622 
0.1m 

0.9844 
8. 97e4 
9.8687 

9. 8631 
9.9376 

0.08BB 
0.3oOo 

0.0367 
0.0211 

0 . 1 w  
9.9481 
- 

18.10 

- 
0. oBB8 
0.0453 
0. lom 

8. Q858 
8. 9788 
8. 8717 

9.8676 
9.9436 

0.0770 
0.2682 

0.0312 
0.0171 

0.16al 
8.9630 
- 
18.70 

0.0655 
0. ow 
0. 0058 

8.8874 
8.8811. 
8. 8749 

8. 9623 
8. w97 
0.0848 
0.2191 

0.0259 
0.0133 

0.1423 
8. 8 1 1  - 

- - 
Dlfl 
- 
-!2 
-1 
-2 

+I 
+: 
+! 

+' 
+I( 

-z 
-61 

-! -,  
-41 
+I 
- - 
3111 

- 
-If 
-11 
-2: 

+: 
+4 
+e 
+E 
tlC 

-21 
-67 

-9 
-7 

-44 
+9 
- - 
)Iff 

- 
-18 
-11 
-23 

+4 +a 
$8 
t-11 

-19 
-66 

-8 
-6 

-4a 
+9 

+a 

- 

- - 
18.6' 

- 
0.07M 
0.051: 
0.11w 

8. w)%(( 
8.87w. 
9.088: 

8. 863t 
8. 8381 

0.0874 
0.2831 

0. ow 
0. om 
0. 1w 
9.948s 
- - 
18.20 

- 
8: E: 
0. IOBR 

8. 8881 
8. 8782 
8. 8723 

0.814 
0.944h 

D. 0748 
D. 2 6 1  

D. 0303 
3.0164 

D. 1637 
0. 8638 
- - 
18.80 

- 
1.0687 
1.0374 
1.0833 

3.8877 
3.8816 
P. 9764 

3.9631 
3. QM#) 

). 0829 
1.2132 

1. 02w 

). la80 
1. Qrn 

). oin 

- 

- - 
Did 

- 
-7x 
-12 -z 
+3 
+4 
+6 

+a 
+io 

-21 
-6a 

-8 
-7 

-46 
+8 
- - 
Dlff 

- 
- 18 
-11 
-23 

+3 
$4 
+I 
+8 

+lo 

-88 

-8 
-6 

-43 
+8 

-m 

- - 
Dlff. 

- 
- 18 
-12 
-22 

+3 
+r +a 
+e 
+IO 

-64 

-8 
-6 

-42 
+e 

-m 

- 

- - 
18.70 

- 
0.0741 

0.117 

9.8841 
8.877: 
8. w 
8. 9541 
8. 838! 

0.085: 
0.288: 

0.0341 
0.018; 

0.1w 
8. 949; 

0. oy 

- - 
19.3' 

- 
0 . m  
0.0431 
0.104t 

8. 888( 
9. 87R 
8.8721 

9.8681 
8. 84% 

0.07% 
0.2468 

0.0294 
0. OIbE 

0. 1694 
8.9M7 
- - 
18.00 

- 
D. 0618 
D. 0362 
3.0811 

0.8880 
a. 8818 
a. 8768 

a. 9639 
3.8118 

3.0608 
I. #w)8 

I. 0242 
1.0121 

1. la38 
3.9588 
- 

- - 
Dlfl 

- 
-If - 1: 
--2: 

+: 
+4 
+t 
+; 

+IC 

-21 
--88 

- 1c 
-7  

-46 
+a 
- - 
Dlff 
- 
- 18 
-12 
-22 

+2 
+4 
4-6 

+7 
+11 

-88 

-8 
-6 

+9 

-m 

- 4a 

- - 
Dlff. 

- 
-18 
-11 
-23 

+2 
+4 
4-6 

+8 
t l l  

-64 

-0 
-6 

-41 
+8 

-m 

- 

- - 
18.80 

0.0721 
0.0488 
0.1165 

9. BR61 
8.9777 
8.9702 

8.9563 
8. 8405 

0.0832 
0.2781 

0.0338 
0.0180 

0.1813 
9.8506 
- - 
19.40 

0.0Bll 
0.0418 
0.1023 

8.8888 
8. 8800 
9.87aa 

9. 8588 
8. Q466 

0.0708 
0.2393 

0. om 
0.0162 

0 . l M l  
8.9668 
- - 
20.00 

- 
0. ow0 
0.0351 
0.0888 

8.8882 
8. 88-23 
8. 9764 

8. '3647 
0.8528 

0.018 
0. Po1 

0.0233 
0.0116 

D. 1287 
0. OeOB 

*Lag E' of XI, fit, 11. ME, 25M, and MBf are each equal to log F of MI. 
Lag F of Pi, Ri, 81, Ea, 84, 80, TY, Br, and Bea are each wro. 
For log F 01 L: M d  Mi .?ea Table la. 
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Table 12.--Log factor F correspondin# to eoery tenth o f  a de#ree o f  I-Con 

20.10 D~B.  m.2o 

- - 
Dlfl 

- 
-17 
-11 
-23 

3.2 
3.4 
+6 

$8 
+I1 

-83 

-8 
-6 

-41 
-1.0 

-m 

= 
DIL 
- 
-I? 
-11 
-99 

$I: 

4% 

4-a 

-18 
-01 

-8 -e 
-80 
+10 - - 
Dlff, - 
- 18 
-11 
-!a 

E 
+8 

+I2 
-18 
-68 

-8 
-6 

-a0 
+IO - 

- - 
m.30 

- 
0.0447 
0. a318 
0.0818 

8.8880 
8. w 
8. 8781 

8. 8Mll 

0. (M31 
0.1814 

0. om 
0.0098 

0.1179 
8.9831 

8. m7i 

- 
P0,OO 

0.0848 
0. ma 
0. oete 
0, Boot 
0 , w  
0.9814 

0.0710 
0.0Brt 
0. MI9 
0.1448 

0. w 
0.0981 
9. Bboo 

0. om 

- - 
21.10 
- 
0.0248 
0.0187 
0.0634 

8. OOU 
0.8888 
8. W 8  
0.8772 
8. Q898 

0.0310 
0.1081 

0.0111 
0.0096 

0. MQe 
8.0747 - 

- - 
DIU. 

- 
-18 
-11 
-23 

+a 
+1 

$8 
+U 

-18 -ea 
-8 
-1 

-41 
+Q 

+a 

- - 
Did. - 
-17 
-11 
LU 

fi 
4: 
-19 

-8 
-6 

-40 
+O 

-ei 

= 
DLtl. 

- 
-18 
-10 
-24 

E 
+8 

I-11 

- 18 
-6Q 

-8 
-1 

-98 
+10 - 

m.4a D~B.  I 
-I- 
0.0428 -18 
O.MO7 -11 
0.0701 -24 

8.9893 +8 
8.9840 44 
8.0786 +8 

89878 +8 
8:8672 I +ll 

0.0812 -18 
0.17111 -82 

0.0200 -0 
0.0083 -8 

0.1132 -41 
8 . W  +O 

0.08% -17 
0.0241 -11 
0.0BM -a4 

o.O(o0 -18 
o . 1 ~  -e1 

0.0141 -8 
O.Oo80 -6 

0.m1 -80 
0.w +10 

l- 21.8O Dld. 

-I- 
0.0111 -16 
0.0177 -11 
0.0610 -w 

0.0760 +O 

O.Mo1  -17 
0.1028 -60 

0.010s -7 
o.Oo80 -1 

0 . w  -80 
0.97b7 +10 

8 . ~ ~ 0 7  +12 

, 

0.0411 
0.0288 
0.0771 

8.8898 
9.8644 
8.9782 

8. W7 
8. W 

0.0483 
0.1889 

0.OlQl 
0.0087 

0. luol 
0. WsS - - 
21.10 

0. OaOB 
0. m 
0. oca0 
0.9812 
9.9889 
0. B82LI 

0.9787 
8. OBM, 

0. ow2 
0. inmi 

0.014a 
0. MMb 
0. w 
0.0700 - - 
11.P 

0.0111 
0. O l e e  
0. o(88 
0. OOBO 
0. mQ4 
0. QssQ 
0.9789 
O.rnl0 

0.0276 
0. om4 
OOOOB 
0. w2d 

O.oBl0 
0.8767 - 

- - 
DIU. 
- 
-17 
-11 
-23 

E 
+O 

3.11 
-18 
-ea 
-8 
-1 

-40 
+e - - 

Did. 
- 
-17 
-11 
-2a 

i! 
+B 

$11 
-18 
-60 

-8 
-6 

-40 
f 0  - - 

DLtl. 
- 
-le 
-10 
-24 

g 
$0 +n 

-18 
-I 

-8 
-4 

-88 
$0 - 

0. 0884 
0. om 
0.0748 

8.9898 
9. gs(8 
9. 87W 

8. OBOB 
8. OW 

0.0476 

0.0188 
0. OOBZ 
0.1061 
0.9862 

0. ien 

- 
a w  

0.0292 
0,0218 
0.Ow)l 

0 W l l  
9: olln 
8, m 1  

0.0748 
0. me1 

0.0881 
0.1zdl 

0.0185 
0. MMO 

0.0819 
9.0718 
_._ - 
21.80 

0.0181 
0.01w 
0.0482 

0.9998 
0.9899 
8. QMll 

8. OTOB 
0 . m  

0.0267 
0. ODOB 

00088 

0. ob01 
0.0776 

0. ma1 

- 

- - 
DIU. 

- 
-17 
-11 
-23 

+2 
$4 
+e 
+8 

+I1 
-10 
-81 

-8 
-6 

-41 
+e 
=: 

Did. 

- 
-18 - 10 
-24 

E 
+8 

+lo 
-18 -eo 
-8 
-6 

-80 
+lo - - 
DIU. 
- 
-16 
-11 -m 

E 
+8 

-17 
-60 

-7 
-1 

-87 
+ l O  

+ia 

- 
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Table 12.--Log factor F corresponding t o  every tenth o f  a degree o f  I-Con. 

22.3' 

-- 
0.0117 
0.0103 
0.0341 

8.6147 
8.9aZl 
0.0385 

9.8842 
8.0780 

0.0171 
0.0618 

0.0051 
0.9888 

0.0394 
8.8827 

22.0' 

-- 
0.0028 
0.0042 
0.0104 

0.MK10 
9.9048 
0.8031 

8.0807 
0.8SG2 

0.0071 
0.0281 

0 . m  
8.8873 

0.0176 
0.8d0 

23.6' 

-- 
0.0940 
8.0082 
0.0047 

8.8884 
8.9070 
8.8008 

8.9053 
0.0037 

8.8074 
8.8953 

8.0807 
8.W51 

0.0084 
0.9053 

Constituent 
I- 

Dill. 

-10 
-10 
-24 

+3 
+a 
$0 

+8 
+12 

-17 
-57 

-8 
-4 

-37 
+lo 

Din. 

-14 
-10 
-24 

$3 
4-6 
+O 

+8 
+12 

-17 
-55 

-7 
-4 

-30 
+lO 

Dill. 

-14 
-0 
-26 

$3 
+5 
+7 

+8 
4-12 

-10 
-53 

-7 
-3 

-35 
+ll 

JI .________.__._ 0.3178 
K i  ______. _ _ _ _ _ _  0.0145 
K Y  ___._._._.___ 0.0438 

MY., N;, 2N--- 
M a  ...... _ _ _ _ _ _ _  
Md M N  ____.__. 

0.0930 
8.0803 
8.0871 

Ms _.___ ~ _ _ _ _ _ _ _  
MI.. _ _  _ _ _ _ _ _ _ _ _  
01, 41, 24, PI-- 
00. ---. -. _ - _ _ _  
M K  _ _ _ _ _ _ _ _ _ _ _ _  
2.MK.---- _ _ _ _ _ _  
Mf ....... _ _ _ _ _ _  
Xlm ._____ ~ _ _ _ _ _  
\yl 22.6' 
Constituent - 

9.8800 
8. 8742 

0.0240 
0.0848 

0.0081 
0.0010 

0.0544 
8.9780 

- - 
Dill 

- 
-10 
-10 
-24 

+2 
4-6 
+O 

+e 
+I2 

-18 
-58 

-8 
-5  

-XI 
+lo 
- - 
DIff. 
- 
-15 
-10 
-25 

+3 
+5 
$0 

+O 
+I2 

-17 
-68 

-7 
-6 

-37 
+IO 
- - 
Dit?. 

- 
-16 
-10 
-24 

$3 
$5 
+7 

+g 
4-12 

-10 
-55 

-7 
-4 

-36 
+11 
- 

- - 

22.00 

0.0103 
0.0135 
0.0414 

0.0938 
8. 0808 
8.8877 

8.8815 
8.8764 

0.0222 
0.0700 

0.0073 
0.0011 

0.0500 
0.8780 
__ - 
22.00 

- 
0.0071 
0.0073 
D.Oui8 

8. 8050 
8.8035 
8. WJ13 

8.8808 
8.8825 

0.0120 
0.0448 

0.0028 
8.8885 

0.0284 
0. 8857 
- - 
23.20 

0. a082 
0.0012 
0.0121 

0. 0975 
0. Roo3 
8.9050 

0. W24 
8.0809 

D. 0022 
D. 0110 

0.0887 
D. 9002 

D. 0000 
8.0021 

- - 
1Mll 

- 
-16 
-11 
-24 

+3 
+1 
+O 

4-8 
+I2 

-17 
-68 

-8 
-4 

-37 
+10 
- - 
DM. 
- 
-15 
-10 
- 24 

+3 
+4 
+O 

+e 
4-13 

-16 
-50 

-7 
-4 

-30 
$1 1 
- - 
DIU. 

- 
-14 
-10 
-25 

+3 
+4 
4-0 

+lO 
+I3 

-10 
-64 

-7 
-4 

-35 
+IO 
- 

0.0148 
0.0124 
0.0364 

8.8041 
0.012 
0.9883 

8.8824 
0.8700 

0.0205 
0.0732 

0.0001, 
0.0007 

0. 0408 
8. 8800 - - 
22.70 

- 
0.0050 
0.0003 
0.0244 

8.0850 
8.8038 
8.0818 

9.0878 
8. 8838 

0.0104 
0.0302 

0.0022 
8.8Mll 

0.0248 
8.8808 
- - 
23.30 

0. w 
0.0002 
0. OOQO 

8.0978 
0.9907 
8.0050 

0.0834 
0.0012 

0. oooo 
0.0002 

0. 8080 
0. 8858 

0.0034 
8.9031 

- - 

Dill. 

- 
-10 - 10 
-25 

+3 
+5 
+O 

+0 
+11 
-17 - 67 

-7 
-5 

-38 
+lo 
- - 
DIU. 

- 
-15 
-11 
-25 

$! 
+e 

4-12 

-11 - 60 

-7 
-4 

-30 
4-10 
- - 
Dlff. 

- 
- 14 - 10 
-24 

+3 
+5 
$6 

4; 
-10 
-66 

-0 
-3 

-35 

- 

0.0132 
0.0114 
0.0305 

8.8044 
8. 0917 
8.8880 

8.8833 
8.8777 

0.0188 
0.0075 

0.0058 
0.0002 

0.0431 
9.0810 
- - 
22.80 

- 
0. Q041 
0.0062 
0.0218 

0.8802 
0. ow4 
8.0825 

8.9887 
8.8850 

0.0087 
0.0330 

0.0015 
8. 8877 

0.0212 
8. W78 
- - 
23.40 

8.8064 
8.0w2 
0.0072 

8.8881 
8.0072 
0.0802 

8. w 3  
8. 8824 

8. 0900 
0.0007 

0.8074 
0.8956 

0. ow0 
0.0042 

- - 
Din. 
- 
-15 
-11 
-24 

+3 
$4 
+a 
+e 

+I2 

-17 - 67 

-7 
-4 

-37 
4-11 
- - 
DIff. 
- 
-16 - 10 
-25 

z 
$;: 
4-0 

-10 
-65 

-7 
-4 

-36 
$11 
- - 
XU, 

- 
-14 
-10 
-25 

$i 
$10 
4-13 

-10 
-64 

-7 
-4 

-35 
+I1 
- 

0.0101 
0. oOe3 
0.0317 

8. 9050 
8.8820 
0.9001 

9.8851 
9.8801 

0.0164 
0.0601 

0.0043 
8.8884 

0.0357 
8.8837 - - 
21.00 

- 
0.0012 
0.0032 
0.0170 

0. o(18 
0.8053 
8.9037 

8. 0000 
8.9874 

0.0054 

0. ooo1 
8. woo 
0.0140 
0.0890 

0.022a 

- - 
23.00 

__. 

0.8020 
8.8073 
0.0022 

8.0987 
0.0881 
8.9876 

0.0002 
0.0048 

8.0058 
8. BBOO 

0. eMl0 
0.8048 

0.0828 
8. w 

L 

Diff. 

- 
-15 
-10 - 24 

+3 
+4 
+O 

4; 
-17 
-67 

-7 
-4 

-30 
+IO 
5 

liff. 

L 

-15 
-10 
-25 

$: 
$0 

4 8  
+I3 

-10 - 65 

-7 
-3 

-30 
+I1 
=== 
DII?. 

/ 

-14 
-10 - 24 
$4 
+5 
4-0 

$2 
-10 
-54 

-0 
-4 

-35 
+I1 
/ 

*Log For XY PY YY h48,28M and MSI 8ro each equal to log F of Mp. 
Log F of PI. R; Si, Ss. Sd, 68, TY Sa. and Ss;: arc oach zcro. 
For log P of Li and M I  see Tablo 13. 
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Table 12.-Log factor F corresponding to euery tenth of a degree of I-Con. 

DIE 

-13 
-10 
-25 

+3 

+7 

+o 
+12 

+5 

- - 
Din. 

- 
-14 
-0 

-25 

+3 
+5 
+O 

$0 
+13 

-15 
-53 

-7 
-3 

-34 
+11 
- - 
DIR. 

- 
-14 
-0 

-26 

+3 
+5 
+O 

+D 
-t 14 

-15 
-52 

-0 
-3 

-34 
+I1 - - 
Din. 
- 
-13 
-0 

-24 

+A 
+5 
+7 

+ I 3  

- 14 
-51 

-0 
-3 

-32 
+I2 

+in 

- 

24.1' 

-- 
0.0857 
0.0824 
0.0809 

O.Ooa? 

o.Ooo7 

0.0010 
0.0013 

n.ooo5 

0.08R8 
0.0954 
0.0973 

0. oggq 
0. oogl 
0.0987 

0. 0 8 1  
0. 0075 

0.oon 
0.0703 

0.8847 
0. 0841 

0. om 
0.09sG 
- - 

24.40 

-13 - 0 
-26 

+3 
+5 
+7 

+10 
4-13 

0.ORlO 
0.0880 
0. W82.5 

0. 0013 
0.0020 
0. 00ul 

0. no30 
0.0053 

0.0R75 
0.0478 

0. fm00 
0. w22 
0. OOGO 
0.0054 
- -- 

-- 
9.0777 
o.ow+l 
0,0761 

0.0023 
0.00.75 
O.M)40 

0.mo 
0.0002 

- - 

Did. 
- 
-14 
-10 
- 25 

+3 
+4 
+7 

+IO 
4-13 

- 10 
-53 

-0 
-4 

-35 
+11 
- - 

Dlff. 

- 
-13 
-0 

-25 

+3 
+n 
1-7 

+10 
t 13 

-15 - 52 
-G 
-3 

-33 
+12 
- - 

-51 

-G 
-2 

-33 
+12 

DIU. 

-12 
-10 
-2.5 

+3 
+5 
+0 

$11 
+14 

-15 
-50 

-5 
-2 

-32 
+12 

25.0' I DIR. 

0.0324 

0.0901 
O.gO14 

0.0557 
0.0080 

25.3' 

--- 
0.0701 
9.8812 
0.8003 

0 . m 5  
OOOBO 

0.0173 

O . O i O 2  
0.8O21 

0.0850 
0.8809 

0.0302 
0.OlBO 

0.0043 

0.0130 

-. 

0.073A 
0. 11840 
0. Do77 

0. 0033 
0.0050 
0. OOGO 

0.0132 

U. 0171 

%OR73 
0. UgOG 

0.0450 
0.0124 

n. 0000 

0.0740 

- 
-12 
-0 

-25 

+3 
+5 
+7 

-t- 10 
+14 

-15 
-50 

-6 
-2  

-33 
+I2 
- 

0. ow 
0.0044 
0.0948 

n. 8807 
0. !BO5 
0. we4 
0. m 1  
0. wea 
0.0011 
0.0740 

0. DD41 
0.0037 

0.0826 
0 . m 7  
- - 

24.50 

O.(IRn3 
0.0887 
8.0800 

O.Ool0 
0.0025 
0.0033 

0. oo60 

0. U820 
0.0420 

D.OW3 
0. WlO 

0.0023 
0. oooo 

n. 0040 

- - 
25.10 

- 
n. 0720 

0.00311 

0. nioo 

O.OR31 
0. N52 

0. ~nss 
0.0073 

0.0140 

0. U731 
0.0121 

0.0867 
0. 0w4 

0.042-o 
0.0130 

- - 

DIR. 
- 
-14 
-10 - 24 

+3 
+5 
+O 

+IO 
4-13 

-16 
-53 

-7 
-3 

-34 
+I2 
- - 

DIU. 

- 
-13 - 10 
- 24 

+4 
+5 
+O 

+ 13 

-1s 
-51 

--o 
-3 

-33 
+11 

+in 

- - 
I>IR. 

- 
-13 
-0 - 24 

+4 
+5 
+7 

+IO 
4-13 

-1.1 
-50 

-6 
-3 

-32 
$12 
- 

0.0870 
0. 0934 
0. w24 

0. oooo 
0. oooo 
n. ~ m )  

n. caoi 
0. ooo1 

0.0800 
0.8087 

0.0834 
0.0934 

0.0701 
0. m 
- - 

24.0" 

0.0780 
0.0877 
0. 0770 

0.0020 

0.0030 

0.0050 
0. IKI70 

0.0805 
0.8375 

0 .010  

9.058O 
0.0077 

a. 0030 

0. 0807 

- - 
25.20 

- 
0.0713 
0. 0822 
0. WIZR 

0. Dolo 
0. WM) 
0.0080 

0.01 10 
0.0150 

0.0717 
0.0071 

o.oDo1 

0.0304 
0.0148 

n. 0801 

- - 
Did. 

- 
- 14 
-0 

-25 

+4 
+5 
+O 

+10 
+13 

-15 
-52 

- G  
-3 

-33 
+I1 
- - 

Din. 

- 
-13 - 10 - 25 

+3 
+5 
+7 

+13 

-15 
-51 

-0 
-3 

-33 
+12 

+in 

- - 
DIK. 

- 
-13 
-0 - 24 

+4 
+5 
+7 

+10 
+13 

-14 - *w 
-6 
-2  

-32 
+12 
- 

- - 
24.2' 

0.0943 
0.015 
0.0874 

0.007 
0. no10 
0. 0013 

0. OOM 

0.0805 

0.00?1 
0.0025 

0.0724 
0.0031 

n. 0020 

0.,0&82 

- - 
24.80 

0.0764 
0.0858 
0.0720 

0. 00211 
0.0040 
0.0053 

0. Mi0 n. 0105 

0.0775 
0.0273 

0.0885 
0,0811 

0.0524 
0.0101 - - 
25.40 

-- 
0. om 
0.0803 
0.0570 

0.0047 
0.0070 
0.0003 

0.0140 
0.0180 

0. W!B 
0.8071 

0.0850 
0.0897 

0.0330 
0.0172 

- - 
118. 

- 
-13 
-10 - 24 

+3 
+5 
+7 

+10 
4-13 

-15 
-52 

-6 
-3 

-34 
+12 
- - 
)in. 
- 
-13 
-0 

-25 

+4 
+6 
+O 

+10 + 14 

-15 
-51 

- G  
-2 

-33 
+I1 
- - 
)in. 

- 
-12 
-0 

-25 

+3 
+a 
+7 

+IO 
+14 

-14 
-40 

-0 
-3 

-32 
4-13 - 

'I.og For At, pi,  pi ,  MS, ZSM, and MSI oath equal to log F Of M:. 
Log F of PI, itl, 6,, SI, S I ,  so. TI, Sa, and 8sa wo onch zero. 
For log F o r  L, m d  MI 5 ~ )  Tnblo 13. 
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Table l2.-Log factor F correepondinp to every tenth o f  a degree o f  I-Con. 

MI', Ni.2.N. _._ 
Ma _...________ ~ 

Md, MN. ~ ~ _.__ 
MI .... . .. _ _  - ._. 
MI ..__.______ _ _  
OI,QI ,  2Q, PI----  
00 

MK .... _ _ _ _ _ _ _ _  
BMK ...-...... 
MI _.._ ~ -. _ _ _  - _ _  
Mm .__..____ ~~. 

0.00X 
0.0016 
0. OlW 

0.0110 
0.02w 

8. 8674 
8.8Bn 

9.8844 
9,8884 

8.8298 
0.0185 

T q Z  Coqstltuent - 

MI', NY, 2N ___. 
Ma ... 
MdMN ... ..___ 

MI. ._.. ._______ 
MI _..._._._____ 
01, Qi02Q,oi-.- 
00 ______..._.._ 

MK __._________ 
2MK.- __._ _ _ _ _ _  
MI _..__._____._ 

LA- I 

JI ~ _ _ _ _ _ _  - _ _  - - _ _  
KI.. _ _ _ _ _  ~ _ _ _ _  ~ 

Kt _ _ _ _ _ _  _ _ _ _ _ _ _  

Mm ..._________ 

0.0071 
0.0108 
0.0142 

0.0213 
0.0283 

8.9680 
8.8628 

8.8812 
8.8883 

8.8110 
0.018 

20.7O 

8.8536 
8.0888 
8.Q2Bo 

Mi*,N:,ZN _ _ - _  
MI ... . . _ _ _ _ _ _ _ _  
Md, MN _ _ _ _ _ _ _  

*LOB F of A:, I VI M 
Log F o f  PI E;, 8; Er 
For log F oi h and M 

0.0082 
0.0138 
0.0184 

- - 
DiB 
- 
- 12 

-9 
-ad 

E 
+7 

4-14 
-14 
-49 

-6 
-2  

-32 
+I2 

+ i o  

- - 
Diff 
- 
-12 
-8 

-24 

+3 
+6 
+7 

+lo 
4-15 

-48 

-6 
-2 

-31 
4-13 

-ia 

- - 
Dil l  

- 
-11 
-8 
-1 

i! 
ti: 
-ia 
-47 

- 6  
-2  

-80 
i-14 - 

- - 
25.00 

.- 
9. BaB( 
9.8786 
8.0628 

0.0053 
0.  ooso 
0.0107 

0. O l e o  
0.0214 

8. Qeao 
9.8873 

8. Q83Q 
8. geBz 

8. om 
0.0107 
- - 
28.20 

- 
8. 8582 
8. 8792 
9.9382 

0. w74 
0.0112 
0.0141) 

0.0223 
0. om 
8. 8677 
8.6681 

9.8807 
8. 8881 

9.8078 
0. ona - - 
28.80 

8. w24 
8.9881 
8. 8.238 

0. oowl 
0.0144 
0.0182 

0.0287 
0.0989 

8. Wrn 
8. 8287 

8.8777 
8. 8872 

0.88BB 
0.0350 - 

- - 
Dlff. 
1 

- 12 
-8 

-26 

5 
+11 
+14 

-14 
-48 

-6 
-2  

-31 
+ l Z  - - 
Din. 
- - 12 

-8  
-25 

+4 
+6 
+7 

+11 
+14 

- 14 
-48 

-6 
-1 

-ai 
+la 
- - 
Dlff. 
- 
-12 
-8 

-24 

+6 
+7 

+11 
4-16 

-13 
-47 

-6 
-1 

-30 
4-13 

+a 

- 

- - 
26.70 

- 
8. 8062 
8. 8776 
9. 8W 

0.0067 
0.0086 
0.0114 

0.0171 

8. 8046 
8. 8824 

8.9893 
8. 8880 

8. 0236 
0.0209 

0.0228 

- - 
20.3' 

- 
8. 8580 
8. 9724 
9.8357 

0.0078 
0.0117 
0.0150 

0.0234 
0.0312 

8.8663 
9.8533 

0.8802 
8. 9880 

8. wH8 
0. om 
- - 
28.80 

8. 8612 
0.8872 
8.8211 

0. OOBO 
0.0149 
0. OlQQ 

0. om 
0.0388 

8.8463 
9.8260 

8.8772 
8.8871 

8. 88BR 
0.0303 - 

- - 
Diff, 
- 
-ia 
-8 

-24 

14 
+lo 
+13 

- 14 
-48 

-6 
-2  

- - 
Din. 
- 
-11 
-8 - 24 

+3 
+6 
+7 

ti: 
-14 
-47 

-6 
-2 

4-13 
-ai 

- - 
Diff. 
- 
-11 
-8 

-24 

+( 
+e 
+7 

+11 
4-14 

-1s 
-47 

-6 
-1 

-2Q 
+I3 - 

8. Qo38 
9.97R8 
8. 84eo 
0. oooo 
0.0031 
0.0121 

0.0181 
0.0241 

8.8032 

8.9828 
8. 8888 

0.0222 

8. 8776 

8. ~203 

- - 
28.40 
- 
Q.QMI0 
9. 8716 
9.8333 

0.0081 
0 .01n  
0.0163 

0.0244 
0.0326 

9.9648 
8.8480 

8. 8787 
9.8878 

8.8017 
0. om 
- - 
27.0' 

- 
8. 8601 
8. Q004 
8. 8187 

0.0103 
0.0166 
0. om 
0.0308 
0.0412 

8.9470 
8.8203 

8. 0707 
8.8870 

8.8837 
0.0370 

28M, and M8f are eaoh equal to log F of MI. 
'4, 81, TI, Ea. and as8 are each wro. 
ee Table 13. 

- - 
Diff. 
- 
-12 
-8 
--I 

U 
+6 
+7 

+I1 
4-14 

-14 
-48 

-6 
-2  

-31 
+I2 
- - 
DIU. 
- 
-12 
-8 
-25 

+4 
+O 
+7 

+I 1 
+14 

-13 
-48 

-6 
-1 

-30 
$12 
- - 
Dlff. 
- 
-11 
-8 

-26 

3% 
+I1 
4-16 

-13 
-46 

-6 
-1 

-30 
4-13 - 

- - 
25.80 

- 
8. 9627 
9.8768 
9.8465 

0.0064 
0.0088 
0.0128 

0.0182 
0.0255 

8. 8618 
9.8728 

8.8823 
0.9880 

8.8172 
0.0234 
- - 

28.50 

9.9667 
8. 8700 
9.0308 

0.0085 
0.0128 
0.0170 

0. ow 
0.0340 

8. 8b30 
8.8438 

8. 87Q2 
8.8877 

8.8887 
0.0310 
- - 

27.10 

8. 8480 
8.8858 
8.8102 

0.0107 
0.0160 
0.0213 

0.0320 
0. 0427 

8. W67 
8.8167 

0.8762 
8.8888 

0. 8807 
0.0388 - 

- - 
Dlff 
- 
-11 

-9 
-24 

+3 
+a 
+7 

ti: 
-14 
-48 

-6 
-1 

-31 
+13 
- - 
Dlff 

- 
-11 
-8 

-24 

+4 
+6 
+7 

+11 
4-14 

-13 
-47 

-6 
-2  

-30 
4-13 __ - 
Diff. 
- 
-11 
-8 - 24 

+3 
+fl 
+8 

$:: 
-13 
-46 

-4 
-1 

-30 
4-14 - 

8.8616 
8. 9760 
8. Q431 

0.0087 
0.0101 
0.013'5 

0.0208 

0. 8004 
8.0077 

8.B817 
8.8886 

8. 9141 
0.0247 

0. n m  

- - 
20.00 

9.9540 
8. 1)m 
9.8284 

0.0089 
0.0133 
0.0177 

0. om 
0.0354 

9.8623 
8.8381 

8. 8787 
8.8876 

9.8957 
0.0323 
- - 
27.24 

9.8478 
9. Q647 
0. 8138 

0.0110 
0.01oa 
0.0221 

0.0331 
0.0441 

8.9444 
8.8111 

8. 8768 
8.0306 

0.0403 
8.8777 

- 

5 

3m. 

A 

-12 
-8 

-25 

9 
+I1 
+I4 
-14 
-48 

-6 
-2 

-31 
+12 
s 

)iff. 

/ 

-11 
-8 
-24 

+3 
4-6 
+7 

$2 
-14 
-47 

-6 
-1 

-31 

+ 
+13 

,Iff. 

/ 

-10 
-8 

-24 

$ 

f:: 
3.7 

-13 
-40 

-6 
-1  

;$ 
/ 
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Table 12.-Log factor F correeponding to  eoery tenth o f a  degree o f  I-Con 
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7 Constituont 

J I - -  ._______________ 8. 8468 
XI _ _ _ _ _ _ _ _ _ _ _ _  ~ .-.. 8.9839 
KI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.8114 

Ma*, Nc, 2N _ _ _ _ _ _ _  0.0114 
MI.-.--- _ _ _ _ _ _ _ _ _ _ _  0.0171 
MI, MN ______.____ 0.0228 

MI .____________.._. 0.0342 
MI .___.____._._ __.. 0.0460 

01, 01, 2Q, PI ___- - - -  9.8431 
00 ... _ _ _ _ _ _ _ _ _ _ _ _ _  8.8085 

- - 
Dlff. 

- 
-11 
-8 

-24 

+4 
+e 
+7 

$:: 
-13 
-46 

-4 
-1 

-2B 
+14 
- - 

Dlfl 

- 
-11 
-8 - 24 

4 3  
+8 
+e 

+11 
+I6 

-13 
-46 

-4 
-1 

-20 
4-14 
- - 

27.40 

8. Q458 

8. Bow) 

0.0118 
0.0177 
0.0235 

0.0353 
0.0471 

8.8418 
9.8018 

8. 8748 
8. 8888 

8.8718 
0.0430 

8. m3i 

27.8' 

-- 
8. Q405 

8.8870 

0.0138 

0.0273 

0.0408 
0.0646 

8. 8356 
8.7789 

8.8727 
8. 8803 

8. as74 
0.04QQ 

8. 8500 

0. oms 

- - 
Din. 

- 
-11 
-8 

-24 

+3 x: 
+11 
+I6 

-13 
-46 

-6 
-1 

-30 
4-14 
- - 

Dlff. 

- 
-10 
-8 

-24 

+4 
+n 
$7 

+I1 
4-16 

-12 
-46 

-4 
0 

-2B 
4-14 

i= 

-- -- 
27.6' 

8. 8447 

8.QoBB 

0.0121 
0.0182 
0.0243 

0.0384 
0.0486 

8. g405 
8.7873 

8. 8744 
8.8886 

8.8888 
0.0444 

8. m23 

28.00 

8. 8386 
0. RJ82 
9.8Q46 

0.0140 
0.0210 
0. om 
0.0420 
0.0661 

8.9849 
8.7748 

8. 8723 
8. 8803 

8. EM5 
0.0613 

Dlff. 

-10 
-8 - 24 

+3 
+8 
+E 

28.40 

8.8356 
8. 8551 
8. E3.50 

0.0166 
0.0233 
0.0311 

0.0460 
0.0621 

8. Q2M 
8. 7671 

8. 8708 
8.8862 

8. 8432 
0.0570 

27.V 

8. Q437 

8. w)42 

0.0125 
0.0188 
0. om 
0. (1376 
0.OJol 

8.8383 
8. 7828 

8. 8740 
8. 8885 

9.8680 
0.0467 

8. m i 5  

28.10 

8.8386 
8. 8574 
8.8822 

0.0144 
0.0216 
0.0288 

0.0432 
0.0676 

8.8330 
8.7703 

8.8718 
9.8862 

8.8517 
0.0527 
- - 

DIR. 

- 
- 10 
-8 - 24 

+4 
+6 
+7 

-12 
-44 

-4 
0 

-28 
4-14 
- 

- - 
Dlff. 

- 
-11 
-8 - 24 

+4 
+6 
+a 

$:: 
-13 
-45 

-6 
-1 

-2Q 
+14 
- - 

Dlff 

- 
-10 
-7 - 24 

+4 
+6 
+7 

$?i 
-I2 
-44 

-4 
0 

4-16 
-28 

- - 

28.60 

8.8346 
8.8543 
8. 8826 

0.0168 
0.0238 
0.0318 

0.0478 
0.0897 

8.8282 
8. 7527 

8. 8702 
8.8862 

8.8404 
0.0584 
- 

- - 
27.70 

- 
8. 84: 
8. w 
8.001 

0.01: 
0.01( 
0. oz 
0.03  
0.051 

8. 8 3  
8.m 

8.87: 
8. w 
8.88: 
0.04: 
- - 
28.20 

- 
8.83 
8. QM 
8. 881 

0.011 
0.02: 
0. OZ! 

0.04s 
0.051 

8. 83 
8.701 

0.87 
8. oel 

8.841 
0. o& 
- - 
Dlfl. 

- 
-10 
-8 

-23 

$4 
4-8 
+8 

+11 
+I6 

-12 
-44 

-4 
0 

-28 
+la 

- - 
NE. 

- 
- 10 
-8 - 24 

+4 
+6 
+7 

+11 
+I5 

-12 
-46 

-4 
0 

-28 
+I4 
- - 

Dlff. 

- 
-10 
-8 

-24 

$: 

$2 
+8 

-12 
-44 

-4  
0 

-2Q 
4-14 
- - 

28.80 

- 
8.8336 
8. QS36 
8. 8803 

0.0183 
0.0241 
0.03% 

0.0488 

0.0270 
8.7483 

8. w188 

8. 8378 
0. MBO 

0. ma 

8. wa 

- 
* b R  F of XY : vl M 8  and M8f nro eaoh equnl to lo F of MI. 

For log F of L: and MI see Tnble 13. 
Fof  PI,'^,, d ~ ,  81,'8,, 80, T:, 88, end 8se are end mro. 
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Table 13.-Valuea of u and log F of L2 and MI for years 1900 to 2000 
- - 

Yoar -- 
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-0.4 
-7.8 

-6. t 
-3.0 
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0.8185 
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0.0744 

0. om8 

n. ti200 

0. 0238 
0.0521 
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35 
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440 
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33 
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MI 
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4M 
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33 
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160 
ld5 
140 

135 
la0 
126 
120 

116 
110 
106 
100 

05 
Bo 
86 
80 

76 
70 
05 
60 

6b 
50 
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-11.0 

-11.2 
-0. 4 
-0.8 
-3. 7 

-0.5 
+2. 6 
+6.4 
+7.0 

$0.2 
+IO. 1 
+IO. 1 

+o. 0 
+7.0 
+4. 1 

-2.0 

-0.1 
-8. 6 
-0.0 

-10.3 
-0. 8 
4 . 4  
-6.3 

-3. 7 
-0.7 
+2.0 
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0.9151 
9.0121 
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0.0808 
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0.1 
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1.5 
2.1 
0. 7 

10.0 
10.4 

2.3 

0.9 
2.8 
8.8 

4.4 
4.6 
4.3 
3.7 

3.0 
1.8 
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0.0 

2.1 

4.4 
4.3 

3.4 
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0.0 
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$of Mi - 

0 
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A?. 1 
84.0 
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1m. 8 
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2 4 . 0  
07 .7  
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17.7 
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14.2 
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0.7 
0.0 
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7.4 
8. 3 

12.2 
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10.8 
8.4 
0.7 
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0.0 
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- 
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D.2lW 
0.2040 
0.1407 
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0.8BBO 
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0. om 
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9.8570 
0.0417 
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88 
20 

140 
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678 
708 
714 

447 
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377 

84 
64 
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391 

471 
697 
BOB 
543 

212 
238 
658 ooo 
537 
420 
288 
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33 
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204 
237 
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315 

273 
I82 
13 
77 
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232 
240 
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102 
118 
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m 
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dog F (MI: 

8.7364 

i: !Et 
8. 73113 
9.7803 

9.7873 
9.8407 

8. wM3 
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8.8877 
8. go88 

8.8382 
9.7734 

8. 8050 
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8.6670 
8. 6455 
9.0476 
8.8029 
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0.9737 
8. 8572 
9.9388 
8.8843 

9.8181 
8. 7012 
9.7102 
9. R852 

9. owl 
9.0042 
9. fin3 
8.0958 

0.7707 
9.7781 
0.6380 

0.8102 
9.0776 
0.0225 
0.0237 

9.9858 
8. 0320 
9.8804 
O . l ? a o  

9. ROO8 
9.78BB 
8.7709 
9.7770 

9.7802 
9.8042 
8. 8308 
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9.8080 
8.9580 
0.0151 
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484 
ha3 
653 
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688 
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526 
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335 
174 
666 
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4x7 
910 
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I 
81 
226 
348 
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703 
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12 
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610 
424 
312 
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1 

82 
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541 
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mz 

- - 
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0 
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85 
00 

85 
80 
76 

70 
06 
00 
66 

50 
46 
40 
3P 
30 
26 
20 
15 

10 
6 
0 
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350 
315 
340 
335 

330 
325 
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315 

310 
306 
300 
295 

180 
285 
280 
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!Z70 
285 
zoo 
255 
2Ko 
245 
240 

2 3  
230 
!a5 
220 

216 
210 
206 
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195 
190 
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Tnblc 13.- Values of u and log F of L2 and MI for years 1900 to 2000--Con- 
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1115 
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85 

80 
75 
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50 
45 

40 
35 

25 
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1.5 
10 
5 

0 
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306 
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286 
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280 
276 
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285 
280 
256 
25l 

140 

70 

r i  

30 
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u of h 

0 

-4.4 

-2.3 
0.0 

+2.3 
+4.5 

+o. 5 
+8. 1 
t8.9 

+R. 7 
+7.2 
+4. 1 
-0.6 

-0. 0 
-11.0 
-14.6 
-10.0 

-15. 5 
-13.4 
-10.1 
-6.9 

-1. 1 
+4.0 
+9.0 

4-13.3 

+lo. h 
+17.9 
+15.0 +s. 9 
-2.6 

-14.2 
-21.2 
-23.1 

-21.3 
-17.2 
-11.8 

+I). 0 
+7.4 

+13.5 

+18. 0 +n. 2 
t 2 3 . 1  
$19.8 

+11.1 
-1.1 

-11.7 
-17.1 

-18.0 
-16.0 
-12.2 
-7. 6 

-2.4 
+2.7 
+7.3 

$11.3 

+14.4 
+IO. 0 
4-16.9 
+13.7 

2.1 

2.3 
2.3 
2 .2  
2.0 

1.0 
0.8 
0.2 

1.5 
3.1 
4.7 
5.4 

5.0 
3. 5 
1.5 
0.5 

2. 1 
3.3 
4 . 2  
4.8 

5. 1 
5.0 
4.3 
3.2 

1.4 
2.0 
7.0 

11. 5 

11.0 
7.0 
1.9 
1.8 

4. 1 
5.4 
6.2 
0. b 

0. 5 
0. 1 
b. 1 

3. o 
0.0 
3.3 
8.7 

12.2 
10.0 
5.4 
0.9 

2.1 
3 1  
4.7 
5.1 

5.1 
4.0 
4.0 
3. 1 

1 .0  
0. 1 
2.2 

- 

- - 
u of MI  

237.7 

254.1 
272.7 
291.0 
300.6 

318. 9 
328.5 
330.1 

342.5 
348.1 
353.2 
358.0 

2.9 
8.0 

13.6 
20.2 

28.3 
3% 8 
52.9 
71.6 

93.7 
114.0 
131.9 
144.7 

154.3 
102.0 
168.5 
174.3 

179.8 
1R5.4 
101.4 
198.2 

206.4 
217.0 
231.3 
250.6 

2i3.5 
20s. 7 
313 1 

320.4 
331). 2 
843.9 
350.4 

350.3 
1.8 
7.4 

13.4 

20.2 
28.4 
38.8 
52.8 

71.3 
93.3 

114. Q 
132.0 

144.8 
154.6 
102.1 
168.3 - 

- - 
DIU. - 

16.4 

18.6 
18.3 
15.6 
12.3 

9.0 
7.0 
6.4 

5.0 
5. 1 
4.8 
4 .9  

6. 1 
5.6 
6.0 
8.1 

14.1 
18. 7 
22.1 

21.2 
17.0 
12. 8 
9.6 

7.7 
6. 6 
6.8 
5.6 

5.0 

6.8 
8.2 

10.0 
14.3 
1% 2 
23.0 

n. 2 
17.7 
13.0 

,. 7 
5. 5 
5.9 

5.6 
5.6 
0.0 
0.8 

8.2 

14 0 
18.6 

22.0 
21.0 
17. 1 
12.8 

9. 7 
7.0 
0.2 

in. 5 

6. n 

?. 8 

in. 4 

- 

Log P (W 

9.8299 

0.9228 
9.9207 
9.9237 

9.9457 
9. WR 
9.9800 

0.0170 
0.0465 
0.0728 
0.0884 

0.0802 
0.0733 
0.0428 
0.0058 

9. ~ 0 0  
9.9370 
9.9125 
9.8889 

9.8921 
0.8981 

9.9470 

9.9017 
0.0498 
0.1173 
0.1795 

0.1788 
0.113.6 
0.0418 

9.9794 
9.0310 
9. 897b 
9.8785 

9.8735 
9.8826 
9.8058 

9. 0437 

0.0028 
0.1356 

9.9320 

9. 9161 

0. 2069 

n. QQM 

n. 1938 
n. 2069 
n. 1 ~ 3  
0.0974 

0.0313 
9.07o7 
9.9359 
9. w8R 

9.8045 
9. ROl9 
9. m5 
9.9188 

8. 9462 
9. 9805 
0.0185 
0.0549 

71 

21 
30 
83 

137 

101 
242 
280 

295 
203 
186 

8 

169 
305 
370 
368 

320 
245 
156 
48 

0 
180 
308 
447 

581 
676 
622 
274 

283 
661 
717 
624 

484 
335 
IBO w 
91 

232 
379 

628 
083 
727 
683 

121 
416 
889 
881 

546 
408 
271 
143 

20 
88 

183 
274 

343 
380 
384 

-- 
LOR F (MI: 

0.0602 

n. in96 
n. 1203 
0.0051 
0.0444 

9.9841 
9.9252 
9. 8728 

9. R294 
9.7950 

9.7554 

9.7507 
9. 7565 
8.7736 
9.8025 

9.8437 
9.89543 
9.9623 
9. mea 
0.0049 
9.9G57 
9.8881 
9.8289 

9.7674 
9. 718.5 
9.0832 
9. MI14 

8.0529 
9.6577 
9. fl761) 
9.7081 

9.7645 
9. R137 
9.8803 
9.9370 

9. QS.55 
8.9227 
9. Bo3 

9.7388 
9. m 5  
9. m7 

9. M40 
0. 6531 
9. M50 
9.0912 

Q.  7305 
9. ’1833 
9.8482 
9.9lOl 

9.9802 
0.005R 
9. w4 
0.9326 

9.87M 
9.8209 
9.7805 
9.7042 

9.7703 

9,7040 

404 

107 
252 
507 
803 

589 
5w 
435 

344 
247 
149 
47 

68 
170 
280 
412 

510 
€67 
405 
61 

392 
Mo 
01 5 

489 
353 
21R 
86 

48 
1 R2 
322 
4a4 

592 
080 
667 
185 

328 
624 
057 

5.58 
421 
282 
143 

0 
1% 
250 
393 

628 
040 
709 
011 

2% 
224 
M8 
600 

491 
374 
253 

702 

- 
N 
L 

1Bo 

175 
1 io  
165 
160 

155 
150 
146 

140 
135 
130 
126 

120 
115 
110 
105 

100 
95 eo 
85 

so 
15 
70 
e5 
eo 
56 
50 
46 

40 
35 
30 

zo 
15 
10 

5 

0 
365 
360 

345 
340 
335 
330 
325 
320 
315 
310 

305 
300 
205 m 
2s 
2@ 
275 
270 

a5 

F 
255 
260 
/ 
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Table 13.-Values o f  uand log  F of L2 and MI for years 1900 to 2000-Con. 
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24: 
24( 
231 m 
22! 
!m 
211 
21( 

2oc 
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1W 
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1% 
I 76 

17C 
185 
1GC 
156 

1w 
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105 
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05 
00 
85 
80 
75 

70 
05 
00 

65 
60 
45 
40 
35 
a0 
25 

mi 

I 40 

2o 

16 
10 
5 
0 

356 
350 
346 
340 

336 
330 

320 
am 

- - 
u of L9 

D 

$13.1 

+4.1 
-1. I 
-5.2 

-8. C 
-9. C 
-8. e 
-7. 7 

-6. Q 
-3.7 
-1.4 

+I. a 
$3. 2 
$5.2 
$0. 0 

+8.1 
$8.6 
+8.3 +e. 9 
+4.3 
+o. R 
-3. 7 
-8.0 

-11.4 
-13.4 
-13.8 
-12.8 

-10.5 
-7.3 
-3.4 
$0.9 
+5.3 +o. 5 

+la. 3 

+12.0 
+4. 2 

-16.2 
-21.6 
-22.4 

-20.1 
-16.9 
-10.4 
-4.2 

$2.3 
+8.0 

4-14, 5 
+19. 4 

+n. 0 
-I-22.7 
+18.1 
+7.4 

-0.0 
-16.8 
-19.8 
-19.4 

+9. f 

4-13.0 

4-15.4 

-0. 6 

- 

4.1 

5.4 
t. 3 
4.2 
2. 7 

1.0 
0.2 
1.1 
1.8 

2. 2 
2.3 
2. 4 

2.2 
2.0 
1. 7 
1.2 

0.5 
0.3 
1. 4 
2.0 

3.7 
4.3 
4.3 
3.4 
2.0 
0.4 
1.0 
2.3 

3.2 
3.9 
4.3 
4.4 

4.2 
3.5 
2.3 
0.1 

3.4 
7.8 
10.8 

9.0 
5.3 
0.9 
2.3 

4.2 
5.5 
0.2 
0.5 

6.3 
6.9 
4. 9 
3.2 

0.1 
4.0 
10. 7 
13.4 

9.8 
4.0 
0.4 

- 

u 01 MI 

0 

188.9 

173.8 
178.8 

188.6 

193.8 
109.0 
m. 4 
214.7 

225.2 
238.7 
256.5 

n4.2 
282.3 
307.0 
319.1 

328.8 
336.2 
342.4 
347.8 

352 7 
357.3 
1.9 
0.7 

11.0 
17.0 
25.0 
34.0 

40.0 
02.0 
82. 1 
103.8 

122.9 
137.0 
148.7 
157.3 

104.3 
170.4 
176.0 

181.4 
187.0 
1u3.2 
200.3 

200.0 
220.4 
wi. 1 
250.0 

280.0 
301.0 
317.3 
320.2 

338.3 
346.0 
361.9 
357.7 

3.3 
9.0 
16.2 
22.5 

183. a 

DIR. 

6. I 

5. ( 
4. t 

5. . 
5. t 
0.5 
8. : 

10.1 

13.:  
16. I 
18. , 
18.1 
15. i 
11.f 
9. i 

7. 

5.4 
4. s 

4. E 
4. E 
5. I 
0.0 
7.1 
0. a 
12.0 

20. I 
21.7 
19. 1 

14.7 
11.1 
8. fl 
7.0 

c. I 
5.0 
6. 4 

5. 0 
0.2 
7. 1 
8.7 

11.4 
15.7 
20.5 
23.4 

21.0 
18.3 
11.0 
9.1 

7.3 
0.3 
5.8 
b. 0 

6.7 
0.2 
7.3 

4 . !  

6. 

4. e 

io. a 

0.054( 

0.082: 
0.093( 
0.0871 
0. ooo( 

0.0374 
0.0074 
9.0801 
9.957: 

0.93% 
9.9281 
9.9218 

9.9m 
9.9246 
9.933i 
9. 847: 

9.WG 
9.9882 
0. m 
0.0340 

0. om 
0. ffiw 
0.07% 
0. w;M 

0.041fl 
0. OlZR 
0.0817 
9.9524 

9.0278 
0. 9101 
9.8ooo 
0.8004 

9.9104 
0.9315 
0. 9tj45 
0. 00w 

0.0050 
0.1203 
0.1741 

0.1830 
0.1474 

0.01w 
9. w39 
0.9210 
0.8020 

0. Uq40 

a. ~ 7 ~ 3  

0.8354 
9.m 
9.01w 
9.9572 

0.0161 
0. ow 
0.1020 
0.2105 

0.21% 
0.1563 
0.0809 
0.0132 

274 

110 
06 
211 ax 
3w 
273 ne 
174 

83 

40 
88 
135 
171 

213 
237 
241 
213 

143 
33 
QQ 
214 

287 
312 
203 
240 

95 
2 

100 

21 1 
3.. 
454 wo 
004 
478 
98 

365 
026 
050 
500 

420 
280 
152 
14 

120 
270 
422 
679 

717 
io1 
536 
39 

5 3  
741 
077 

1 ia 

io 

in 

Log P ( M i  --- 
9.7042 

9.7509 
9.7480 
0.7568 
9.7751 

9.ma 
0.8411 
9.w2 

0.0042 
0. om1 
0.1070 

0.1190 
0.0971 
0.0502 
0.9949 

9.8413 
9.8030 
9.8538 
0.8221 

0.7989 
0.7842 
9.77R3 
0.7810 

9.7017 
9.8184 
9. &s33 
9.8080 

0.0523 
0.0031 
0.0307 
0.0140 

0.0507 
9~ 8894 
9.R218 
9.7040 

9. on80 
9.0700 

9.6052 
9.0729 
0. no41 
9.7281 

0.7781 
9. 8395 
0. 0035 
0. om 
9.9524 
! I .  gooB 
9.8400 
9.7750 

9.7215 

9.0565 
9.0451 

9.0409 
9.0623 
e. 0012 
0.7341 

9. 8430 

8.7201 

0. am 

134 

n 
82 
183 
a2 

378 
471 
554 
(WHI 

689 
439 
128 

ne 
409 
553 
536 

477 
398 
317 
232 

141 
59 
33 
131 

237 
549 
457 
533 

508 
270 
101 
549 
703 
0iO 
572 
446 

312 
183 
54 

77 
212 
350 
480 
014 
040 
471 
18 

450 
063 
850 
535 

396 
255 
114 
18 

164 
280 
128 

- - 
N - 

260 

245 
240 
23s 
230 

226 
220 
215 
210 

200 
195 

1w 
185 
180 
175 

170 
166 
180 
165 

150 
145 
140 
135 

130 
125 
120 
116 

110 
105 
100 
05 

00 
85 

76 

70 
05 
60 
56 
M)  
46 
40 
35 
30 
26 
20 

I6 
10 
6 
0 

3.55 
350 
345 
340 

3 3 K  
330 
325 

205 

no 

320 
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Table 13.-Values of u and lop F of L2 and MI lor yeare 1900 to  2000-Con. - - 
Year 

lQ8Q 

lee0 

lo91 

1882 

1RB3 

lQQ4 

1886 

18% 

1897 

1998 

1QQ9 

aooo 

0 

3-20 

316 
310 
305 
300 

285 
200 
286 
280 

275 
270 
285 

aB0 
255 
250 
245 

240 
235 
zy)  
225 

220 
216 
210 

200 
195 
180 
186 

180 
176 
170 
106 

160 
1.55 
160 
I 4 6  

140 
1% 
la0 

I26 
120 
116 
110 

205 

u of Ll 

0 

-19. 4 

-10.4 
-11.8 
--&5 
-0.0 

$4.6 
+Q. 7 

+14.0 
+17.0 

4-18.3 
4-17.3 
+13.0 

+7.7 
44 .8  
-8.0 
-8.0 

-10.2 
-9.8 
-8.6 
-0.4 

-3.8 
-1.1 
4-1.0 
*.I 

4-0.2 
+7. Q 
4-8. Q 
+Q. 2 

+8.6 
+7.0 
4-4.6 
+l. 2 

-2.6 
-0. 1 
-Q. 1 

-11.1 

-11.8 
-11.4 
-9.8 

-7.6 
-4.4 
-0. Q 
+2 8 - 

3.0 

4.0 
1.3 
5.0 
6.6 

6.1 
4.3 
3.0 
1.3 

1.0 
3.7 
6. Q 

0. Q 
5.8 
3.6 
1.6 

0.3 
1.4 
21 
2.0 

2.7 
2.7 
26 
2.1 

1.7 
1.0 
0.3 
0.0 

1.0 
2.6 
3.3 
3.7 

3.0 
3.0 
2 0  
0.7 

0.4 
1.5 
2.4 

3.1 
3. 
3. I 

- 

22.5 

31.6 
43.2 
60.0 
78.6 

102.2 
122.0 
138.2 
148.7 

1%. 0 
165.6 
171. b 

170.8 
182 0 
187.0 
192.4 

18%. 3 
206.2 
213.6 
224.1 

237. Q 
255. 1 
274.6 
203.1 

308.5 
3213.4 
328.7 
3R7.0 

348.3 
363.0 
367.6 

1.8 
6.4 

11.3 
16.9 

1 . 4  
31.6 
42.0 

66.0 
73. Q 
M. 8 

114.7 

.%a. o 

- 

8.0 

11.7 

22.4 

15.6 
11.1 
8. Q 

6.9 
0.0 
6.4 

6.1 
6.0 
6.4 
6.9 

0. Q 
8.3 

10.6 
13.8 

17.2 
19.4 
18.0 
lK.4 

11. Q 
Q. 3 
7.3 
0.0 

6.3 
4.7 
4.6 
4. 4 

4.6 
1. Q 
6.6 
0.6 

8.1 
10.6 
13.8 

18.0 
20. Q 
19. Q 

15. n 
20. fi 

m. 4 

0.0132 

8": 1% 
8.8967 
Q. 8ebe 
0.8870 
Q. Boll 
9.8257 
Q. 8801 

0. ooze 
0.047Q 
0.0887 

0.1137 
0.1147 
0.0933 
0.0581 

0.0218 

8. Q5QR 

8. Q262 
8.8183 
8.8177 
9.8228 

Q. 8330 
Q. 0177 
8. w1 
8.8870 

0. oogl 
0.0302 
0. 0477 
0.0686 

0.0806 
0.0524 
0.0366 
0.0124 

0. QBBB 
0.9013 
Q. 9388 

9.8216 
Q. 8103 
Q. w)88 
Q. Qlll 

9. w7a 

9. QWB 

637 

aaa 
242 
108 
17 

136 
240 
344 
4m 

450 
408 
260 

10 
214 
342 
3'13 

340 
280 
208 
137 

69 
0 

51 
102 

147 
184 
208 
221 

21 1 
176 
109 
19 

81 
188 
231 
zEl8 

w9 
224 
I74 

112 
37 
46 

Q. 7341 

9,7808 
0. e a 2  
8. Q270 
8,8770 

Q. BBzl 
Q. 8433 
8.8848 
9.8283 

Q. 7818 
9.7493 
9.7280 

Q. 7211 
Q. 7WQ 
Q.74oLl 
Q. 7662 

8. eo33 
Q. 8510 
8.8088 
Q. Bfal 

0.0372 
0. ossll 
0.1041 
0.0838 

0.0386 
8.8870 
8.8382 
Q. 8Q56 

Q. 8807 
Q. 8338 
Q. 8148 
8.8036 

8.7889 
0. e4344 
Q. 8174 
Q. 83Q5 

Q. 8714 
Q. Qlao 

0.0141 
0.0510 
0.0640 
0.0142 

Q. 8627 

665 

078 
681 
Joo 
61 

394 
&Pi5 
33.3 
484 

326 
203 
7Q 

38 
161 
282 
371 

477 
676 
846 
641 

488 
173 m2 
444 

618 
494 
427 
348 

288 
lQ1 
113 
36 

46 
130 
221 
318 

410 
487 
614 

376 
24 

3Q8 

- 
N 

320 

315 
310 
30'5 
eo0 
286 
280 
285 
280 
R6 
2-70 
286 
280 
256 
240 
246 

240 
236 
230 
TL6 

220 
216 
210 
ala 
200 
1Q5 
190 
MA 
180 
176 
170 
10S 

led 
156 
160 
146 

140 
la6 
la0 

126 
120 
116 
110 
/ 
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Table 14.-Node factor f for mfddle of each year, 1860 to 1899 

199 

Oonstltuent - 
k----- ____.._._ ~ ._._. . . . _ _  _ _ _  ____. .. .___ 
KI ...._..____.._._._. 

Ma ........... _--.-.-_ I l.m 
MI _ _ _ _ _  _ _ _  _____.____. 1.114 

lBB0 

1.110 

1.179 

-- 
I. osa 

F'--_______ ~ ___. ~ _--. 
m... _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  1.270 

0.8% 

- - 
lab1 

0. wm 
0.858 
0.887 

0.008 
1.078 

1.017 
1,028 
1.036 

1.083 
1.071 

0.788 

0.976 
0. w3 

0. m 
1.058 

0. wa 

- - 
I861 

1, OBB 
1. 041 
1.088 

0. 824 
1.782 

0.991 
0.887 
0. w 
0. 874 
0.808 

1.005 
1. m 
1.032 
1.023 

I. 145 
0. 808 
- - 
1871 

1.028 
1.014 
1.014 

1.148 
1. m 
1.ooO 
1.001 
1.001 

1.001 
1.002 

1.022 
1.007 

1.014 
1.016 

1.044 
1. am 
- 

1.007 
0. um 
0. Q7t 

0.7s 
1.874 

1. oob 
1. WB 
1.011 

1.016 
1.011 

0. BM) 
0.w 

1. OM 
1.010 

0. BBO 
1.010 
- - 
IRE? 

1. oia 
1.004 
0. Q88 

1. m 
1.040 

1.004 
Loo0 
1.008 

1.011 
1.011 

1.005 
1.m 

1.007 
1.011 

1.007 
1.011 
- - 
1872 - 
1.078 
1. OM) 
1.112 

1.224 
1.185 

0.888 
0. B 2  
0.976 

0. m 
0. 883 

1.080 
1.280 

1.037 
1.026 

1.181 
0.861 
- 

- - 
1m 

1.on1 
1. a37 
l .Oi5  

1.065 
1. MQ 

0. BB8 
0.880 

0.978 
0. U71 

1. on9 
1. POL 
1,029 
1.021 

1.129 
0. 873 

- 

0. Bea 

1883 

0. 
0. 
0.887 

1.117 
1.m 

1.016 
1.024 
1.032 

1.048 
1.066 

0.841 
0.807 

0.979 
0.986 

0.872 
1.054 
- - 
1873 - 
I. im 
1. mi 1.079 

0.816 
2.004 

0.817 
0.088 
0.966 

0.833 
0.812 

I. M)(1 

1. OM 
1. m 
1.m 
0.819 

1. in 

1,106 
1.009 
1.108 

1.283 
1.118 

0.881 
0. C72 
0. pB3 

0.944 
0.827 

1.12a 

1.048 
1.028 

1. '267 
0.833 

I .  i in  

- - 
1884 

0.888 
0. 828 
0.823 

0.886 
1.080 

1.026 
1.040 
1.054 

1.081 
1.110 

0.880 
0.647 

0. 811 
0.876 

0.756 
1.081 
- - 
1874 - 
I .  147 
1.008 
1.289 

0. 641 
2288 
0.888 
0. 864 
0.938 

0. 810 
0.881 

1.161 
1. wl 
1.00s 
1.032 

1.3w 
0. 801 

1.138 
1.082 
1. UB 
0. Q44 
1. w 
0.051 
0. 858 
0.044 

0.818 
0.892 

1.1b 
1. m 
1.082 
1. aae 
1.360 
0.800 
- - 
1885 

0.861 
0.898 
0.773 

0.879 
1.808 

1.034 
1.051 
1.088 

1.m 
1.143 

0.832 
0.540 

0.828 
0.800 

0.070 
1.117 

- 

- - 
1876 

1.161 
1.111 
1.309 

1.W7 
1. w 
0.964 
0.941 
0.830 

0.888 
0.881 

1.178 
1.704 

1.071 
1.031 

1.441 
0.814 

- 

1.168 
1.107 
1, Km 

0.400 
2.848 

0.w 
0. MQ 
0.932 

0. 800 
0.888 

1.174 
1.736 

1.069 
1.032 

1.427 
0.879 
- - 
1868 

0.828 
0.883 
0.748 

1. oa2 
1.181 

1. a38 
1.067 
I. 076 

1.117 
1.169 

0. A08 
0.488 

0.016 
0.830 

0 . 6 3  
1.130 
- - 
1876 

1.164 
1.111 
1.316 

I. m 
0.883 

0.928 

0.884 
0.882 

1.182 
1.778 

1.072 
1.032 

1.430 
0.872 

.__ 

1. no 

0. wn 

1,166 

f : 
h 882 
1.872 

0. w 
0. BZB 
0.894 
0. 881 

1.183 
1.w 
1.072 
1.032 

1.451 
0.871 

0 . 1 ~ 6  

= 
1857 

0.832 
0.886 
0.763 

I. 180 
0.812 

1. a37 
1.058 
1.076 

1.116 
1.166 

0.812 
0.487 

0.818 

0.035 
1.128 

- 

n. 952 

- - 
1877 

1.164 
1.104 
1.287 

0.858 
1. BBB 

0.w7 
0.861 
0. WJj 

0.904 
0.874 

1.708 

1.068 
1.032 

1.413 
0.884 

- 

1. in8 

- - 
1869 

1.180 
1.108 
1.302 

1.283 
1,177 

0.988 

0.831 

0.898 
0.887 

1.178 
1.745 

1.010 
1.032 

1.432 
0.878 

- 

0 . w  

- - 
1888 

0.883 
0.801 
0.784 

1.001 

1.032 
1.049 
1.088 

1.100 
1.136 

0.643 
0.503 

0.933 
0.w 
0.888 
1.111 

- 

1. im 

- - 
1878 

1.130 
1.087 
1.227 

0.643 
2.m 

0.961 

0. 824 
0.800 

1.140 
1.603 

1.060 
1.031 

1.335 
0. 

- 

n. 874 

0.949 

- - 
1859 

1.141 
1.085 
1. w 
1.001 
1.770 

0.971 
0.957 
0.842 
0.916 
0.888 

1.183 
I. 027 

1.083 
1.032 

0.887 

- 

1. Srn 

- - 
1888 

0.912 
0.830 
0.840 

0.840 
1.731 

1.024 
1.036 
1.048 

1.073 
1.099 

0.888 
0. eed 
0.858 
0.981 

0.783 
1.082 

- 

- - 
1879 

1.064 
1.001 
1.144 

1.030 
1.648 

0.984 
0.976 
0.868 

0.953 
0.938 

1.088 
1.388 

1.044 
1. on 
1.224 
0.943 

- 

* h t w  [of  M8 PBM and MSf are mch equal to factor /of MI. 
h e t o r  r of PI, dt, 81, bi, S4, 81, TI, Ea, and 8sa are each unlty. 
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Me .___..__ _ _ _ _ _ _ _  _ _ _ _  
Ma ._._ - ~. . . . ~ _ _ _ _  _ _ _  
01, QI, 2Q, pi 
00 .___ ._ _ _ _ _ _  _ _ _ _  _ _ _ _  

Table 14.-Node factor f for middle o f  each year, 1850 t o  1999-Continued 

0.M7 
0.982 

1.040 
1.153 

Constituent 1 1860 

JI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  
KI.- _ _  . . ~ - -. ~ _ _  
L2 .... ~. _ _  -. 
MI.-. _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  
MP, N I ,  2N, Xy, by, V I .  
Mi ____.____._________ 
M4, MN.. . _ _ _  _ _ _  _ _ _ _  
Ma ._____._______.____ 
Ma ________.._________ 

0i:Qi. 24, pi.  ~ _ _ _ _ _ _ _  
00 .... .. ~ .-_-.--.. _ _ _  
MK . -. . ~ ~ ~ - - - - ~. - - - 
2 M K  ___. _ _ _ _ _ _ _ _ _  ~. _ _  
Mr..--- - _ _ _ _ _ _ _ _ _ _ _ _ _  
Mrn .___._____________ 

K ~ .  __. _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _  

1.047 
1. n z  
1.048 

1.240 
1.040 

0.094 
0.002 

0.086 
0.984 

1.043 
1.144 

1.023 
1.010 

1.002 
0.884 

n. 990 

0 ORB 
0.973 

0.753 
1.002 

1.013 
I. 020 
1.027 

1,040 
1.054 

0.050 
0.850 

n. 080 
0.999 

n.001 
1.045 

n. 010 

Constltiient 1800 I- 
JI . - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.040 
KI _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  1.028 
Kz _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.052 

L! _ _ _ _  ~ __________.____ 1.153 
MI _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.327 

MK . .________________ 1.021 
2MK ... _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 1.010 

MI... .  _ - _ _ _ _  _ _ _ _  _ - _ - _  1.008 
Mm _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  0.083 

Constituont I le00 

- 
I_ 

1881 

0,691 
0.0% 
0.051 

1.628 

1. rn 
1.013 
1.017 

1.028 
1.035 

0.020 

0.907 
1.005 

0.053 

- 

1.020 

n. om 

1. om - - 
1801 

1.000 
1.002 
1.148 

2. 001 

- 

n. 709 

n. 984 
0. wn 
0. BBB 

0.052 
0.036 

1. 100 
1.376 

1.045 
1.028 

1.230 
0.841 - - 
1801 - 
0.910 
0.934 
0.838 

1.030 
1.390 

1.036 
1. 040 

1.074 
1.100 

0.070 

0.057 
0.080 

0.770 
1.093 

1.024 

n. R O ~  

__ 

- - 
18R2 - 
n. 032 
n. 048 
0.808 

0.780 
1.824 

1.020 
1.031 
1.041 

1.002 
1.084 

0.739 

0. 008 
0.9P8 

0 . 8 0  
1.000 

n. oio 

- - 
1R02 - 
1.132 
1.038 
1. 230 

0.883 
2. I E a  
0.074 
0.901 
0.948 

0.923 
0.898 

1.142 
1.671 

1.050 
1.031 

1.338 
0.807 
- - 
1802 - 
0. ani 
n. 903 
0.782 

1.103 
0.858 

1. 032 
1. 040 
1. ooo 
1.101 
1.130 

0. &12 
0.550 

0.033 

0. 0 8 G  
1.112 

0.803 

- - 
1883 

0.878 
0.014 
0.800 

0.844 
1.528 

1.030 
1.046 
1. 080 

1.002 
1.124 

0.860 
0.509 

0.041 
0.900 

I. lo2 

- 

n. 717 

- - 
1803 - 
1.156 
1.105 
1. 280 

1.185 
1.434 

0.007 
0.050 

0.003 
0.873 

1. 170 
1.713 

1.088 
1.032 

1.410 
0. A83 

n. 834 

- - 
1803 

0.832 
0.885 
0.752 

1.117 

- 

1. no0 

I. 070 

1.037 
1.055 

1.116 
1.157 

0.811 
0.400 

0.018 
0.052 

0.034 
1. 128 

0.840 
0.890 
0.780 

1.162 

1.036 
1.054 
1.073 

1.111 
1.151 

0. R 2 0  
0.513 

0. on 
0.055 

0.640 
1.124 

n. 050 

- - 
1RM 

1.105 
1.112 
1.310 

I .  210 
1.399 

0.003 

0.028 

0.884 
0.801 

1.182 
1.7,90 

1.072 
1.032 

1.451 
0.872 

0.040 

- - 
1004 

0.828 
0.88, 
0. 750 

0.925 
1.507 

1. 0% 
1.057 
1.070 

I .  117 
1.159 

0. Bo9 
0.400 

0.010 
0.051 

0.030 
1.130 

- 

0.8%' 
0.882 
0.748 

1.171 
0.877 

1.038 
1.057 
1.077 

1.118 
1. 100 

0.m 
0.480 

0.016 
0.05n 

0. om 
1.131 - - 
1805 

1.102 
1.110 
1 . m  

0. 704 
2.176 

0.064 
0.047 
0.030 

0.800 
0.884 

1.170 
1.701 

1. M1 
1.032 

1.441 
0.876 
- - 
10% 

0.864 
0.800 
0.774 

0.858 
1.013 

1.034 
1. 051 
1.008 

1.104 
1.142 

0.834 
0. w3 

0. OB 

- 

0. Roo 

n. 073 
1.110 

0. R41 
0. RO1 
0.762 

1.006 
1.364 

1.030 
1.064 
1.072 

1.111 
1.150 

0.821 
0.510 

0.022 
0.055 

n. 661 
1.123 
I_ - 
1880 

1.140 
1.090 
1.207 

0. 007 
2. 240 

0.060 
0.054 
0.030 

0.010 
0. 882 

1.160 
1. 000 

1.005 
1. a32 

1.387 
0. PO2 
- - 
le00 

0.900 
0.028 
0.825 

1.051 
1.340 

1.020 
1.030 
1. 053 

1.080 
1.108 

0.882 
0.052 

0.052 
0.077 

0.750 
1.088 

- 

- 

- - 
1887 

0.880 

0.803 

0.824 
1.721 

1.028 
1.044 
1.000 

1.001 
1. 1p3 

0.882 
0. 004 

0.042 
0.070 

0.721 
1.101 

- 
n. 015 

- - 
1807 

1.118 
1.078 
1.107 

1. 141 
I .  471 

0.078 

0.050 

0.034 
0.013 

1.125 
1.491 

1.0.54 
1.030 

1. 280 
0.921 

0. a07 

- - 
1007 

0.057 

0.800 

1. 221 
0.840 

1.010 
1.023 
1.031 

1.047 
1.003 

0.844 
0.814 

0.080 
0. BOB 

0. x77 
1.052 

-- 
n. 006 

- - 
1888 

3.034 
3.050 
3.800 

0.945 
1.503 

- 

1. om 
1.030 
1.040 

1.001 
1.082 

D. 010 
D. 740 

0.900 
0.0% 

0.828 
1.007 
- - 
1808 - 
1 n77 
1.054 
1.108 

1.220 
I .  100 

0.080 

0.077 

0.080 
0.055 

1.078 
1. I1 
1.030 
1.025 

1.175 
0.058 

n. 883 

__ - 
lBoB 

1.016 
1.005 
I). 992 

1.002 
1.470 

1.003 
1.005 
1.007 

1.010 
1.013 

1.008 
1. 017 

1. M)R 

1.012 
I. 010 

- 

1.012 

- - 
1880 

0.0a4 
0.890 
0.056 

1.205 

1.008 
1.012 
1.016 

1.024 
1.033 

0.083 
0.030 

0.888 
1. OOII 
0.059 
1. 020 

-- 

1.075 

- - 
1809 

1.0% 
1.012 
1.010 

0.807 
1.781 

1.001 
1.002 
1.002 

1.003 
1.004 
1. om 
1.058 

1.013 
1.014 

1.0% 
1.001 

1009 

1.008 
1.042 
1.000 

0.653 
2.112 

0.991 
n. 080 
0.082 

0.073 
n. 964 
1. OGB 
1.240 

1.033 
1. on 
1.151 

= 
- 

0. mo 
/ 

'Factor of MS 28M and M8f are each equal to fsctor/of MY. 
Fector/of PI,  RY, 91, by, 84, 86, TI, Sa, and 5% are each unity. 
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Table 14.-Node factor f for middle o f  each gear, 1850 to 1999-Continued 

I- 

- - 
1911 

1.142 
1.080 
1.258 

1.240 
1.248 

0.970 
0. 9M1 
0.042 

0.914 

1. 164 
1.833 

1.083 
1.031 

1.372 
0.m 

n. 1337 

- - 
1921 

0.84; 
0 . W  
0.70; 

1.03 
I. 301 

1.031 
1.06: 
1.07: 

1. 101 
1. 14( 

0.m 
0. 621 

0. oz 

0. OBI 
1. 12( 

a. om 

- - 
1031 

1.10: 
I. 11! 
1.31: 

0.47 
236: 

0. w). 
0.941 
0.92 

0.895 
0.m 

1. 18 
1. n 
I. 07 
I. 03 

1.441 
0.87 

- - 
1912 

1.100 
1.108 
1.303 

1.136 
1.667 

0.w5 
0.948 
0.931 

0.888 
0.687 

1.176 
1.748 

1.070 
I. 032 

1.434 
n. an 
- - 
1922 

0. 8Zi 
0.881 
0.74E 

0. 87C 
1.59; 

1.03E 
1.06; 
1. on 
1.111 
1. lo( 

0.48; 

0.911 
0.w 

0. 021 
1. 131 

- 

n. 

- - 
1932 

1.101 
1.11: 
1.31: 

0.87: 
1.88: 

0.96' 
0.94( 
0.w 

0. 89! 
0.80: 

1.18: 
1.77: 

1.07: 
1.03: 

1.44: 
0.87: 

- .__ 

1913 

1.105 
I. 113 
1.317 

0.681 
2 297 

0.903 
0.045 

0.804 
0.861 

1.183 
I, 783 

1.072 
1.032 

1.462 
0.871 

0.9m 

- - 
1023 

0.830 
0.887 
0.758 

0.932 
1.603 

1.030 
1.056 
I. 074 

1.114 
1.154 

0.816 

0.9% 
0.953 

0.041 
1. 126 

-- 

n. WI 

- - 
1933 

1.1h1 
1. 101 
1.270 

1. nc 
1.107 

0.w 
0.051 
0.932 

0.9M 
0.871 

1.IOt 
1.OM 

1.085 
1.03: 

1.403 
0. ea; 

1. I67 
1.107 
1.290 

0.728 
2 140 

0.000 
0.949 
0.933 

0.901 
0.870 

1.173 
1.732 

1.089 
1.032 

1.425 
0.880 - 
1924 

0.870 
0.801, 
0.701 

1.133 
1.082 

1.031 
1.047 
1.083 

1. 130 

0.860 
0.679 

0.937 

- 

1 . m  

0. goo 

n. 701 
1.107 
- - 
1934 

1.120 
1.083 
1.210 

1. 07R 
1.014 

0.975 
0.983 
0.951 

0.805 

1.134 
1.5% 

1.057 
1. 031 

1.320 
0.913 

0. Dm 

- 
I916 

1.137 
1.002 
1.243 

1.221 
1.310 

0.972 
0.958 
0.046 

0.893 

1.148 
1.802 

1.081 
1. 032 

1.360 
0.902 

- 

a. 918 

-- _I 

192.5 

0.021 
0.041 
0.852 

1.1% 
0.9.54 

1.m 
1.034 
1.04: 

I .  OB! 
1. w: 
0.90: 
0.7N 

0.0% 

0.801 
I. 07( 

-- 

n. u(1: 

- - 
1936 

1. r!s 1.m 
1.13( 

0.631 
2. 14t 

0. 98( 
0. 97( 
0.97: 

0.951 
0. (H! 

1. ow 
1.53: 

1.041 
1.024 

I .  M: 
0.04( 

- - 
1910 

1. lo4 
1.087 
1.165 

1.172 
1.371 

0. a2 
0.972 
0.904 

0.940 

1.108 
1.414 

1. 048 
1. om 
I. 262 
0.934 

- 

0.9m 

- 
1820 

0.880 
0.881 

0.883 
1.01R 

1.011 
1.010 
1.022 

1.033 
1 044 

0. 808 
0. R81) 

0. 902 

- 

0. a34 

I. on2 

0.928 
1.030 - - 
1030 

1.038 
1. n21 
1.038 

0.850 
1.8'10 

0.098 
0.007 
0.888 

0.004 
0.992 

1.034 
1.108 

1.019 
1.017 

1.070 
0.901 

0.701 0.780 1.118 
1.883 I 1.009 I 1.243 

0.980 1.017 1.W 
0.873 i l  1.023 1.073 

1.0'23 1 003 ' 0.975 
1.021 I 1:om 1 0.002 

1.124 0.986 0.851 
0.975 1.018 1.080 i i  - - 
1927 

1.037 
1. 020 
1.030 

0. ROD 
2.003 

0.888 
0.888 
0.907 

0. Qo5 
0004 

1. a92 
1.102 

1.017 

1.088 
0.003 

- 

I. ma 

- - 
1937 

0.9R2 
0. Q82 
0.937 

1. 1'30 
1.088 

1.011 
1.018 
1.021 

1.032 
1. M3 

0.970 
0.884 

0.882 
1. OM 

0.931 
1.036 

- - 
1928 

1.086 
1.055 
1.121 

0.975 
1.730 

0. QRO 
0.979 
0.973 

0.959 
0 040 

1.m 
1.32.5 

1.040 
1.028 

1.201 
0. OM) 

- 

- - 
1839 

0.923 
0.043 
0.854 

1.102 
1.079 

1. on 
1.033 
1. M4 

1.007 
1.001 

0.807 
0.714 

0.904 
0.885 

0.804 
1.075 

- - 
195 

1.125 
1. os3 
I. 214 

1.270 
1.138 

0.970 
0.904 
0.952 

0.928 
O W  

1.134 
1. h30 

1. (160 
1. 031 

1.317 
0.914 

- 

- - 
1930 

0.871 
0. QOQ 
0.792 

0. 031 
1.1134 

1.031 
1.047 
1.003 

I. Ogg 
1.130 

0.852 
0. 581 

0.838 
0.888 

0.704 
1.107 

*Faotor of M8 29M and M8f are each equal to factorfor MI. 
Factor /of PI, RI, 81, bl, &,SO, TI, 88, end 8sa we each unlly. 
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Table 14.-Node factor f for middle o f  each year, 1850 to 1999-Continued 

1W 

0.846 
0.w 
0.788 

1.180 
0.878 

1.036 
1.063 
1,071 

1.108 
1,147 

0.8% 
0.6% 

0.926 
0.M7 

0.868 
l l lg 

1Q43 

0.888 
0.820 
0.812 

1.144 
1.076 

1.028 
1.042 
1.057 

1.088 
1.117 

0.870 
0.623 

0 . M  
0.873 

0.738 
1.063 

-- 

MI', Ny, 2N, Xi, pi, H- 
MI ____.______________ 
Md, MN. _ _  ________._ 

MR ._________________ 0.820 
2MK _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _  0. 853 

1.086 
1.066 
1.074 

M#- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

06. _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ -  

Ms- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01 QI, 24, CI _ _ _ _ _ _ _ _ _  

1. n a  
1.164 

0.816 
0.W6 

Constltuent JlOBo 

Corultftuent -- 
JI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ks. _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
b. _ _ _ _  ~ ._____________ 
MI. _ _ _ _  ~ ___.___._____ 

K, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

1960 - 
1.166 

I. 317 

1.074 
1.717 

i . n a  

leS7 

0.901 
0.828 
0.827 

0.867 
1.858 

1.028 

- 

;:;; 

I: m 

8: en 

1078 

664 

868 

0.781 
1.088 

1:107 

Ma ......... _ _ _ _ _ _ _ _ _ _  1.116 
MI ..____________ _-__-I 1.167 

. .  

181 

0.866 
0.m 
p. 
0.816 
1.627 

1.033 

-- 

;:& 
1 : L  
1 0 4  

0.836 
0.646 

0.W 0.w 
0.676 
1.116 

01. Qi, ZQ, pi.- _ _ _ _ _ _ _  0.810 
00. _ _  _ _ _ _ _ _ _ _ _  ~ _ _ _ _  0.486 

Mc... -__. _ _  _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
01 QI, 2 Q , p i  ___._____ 06 .... _ _ _ _ _  ~ _ _ _ _ _ - _ _  
MK .___________ ~ _ _ _ _ _  
2MK _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
Mf _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mm .... _ _ _ _ _ _ _ _ _ _ _ _ _ _  

MK. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.817 
2MK ________________. 0. 862 

0.884 
0.881 

1.183 
1.784 

1.072 
1.032 

1.462 
0.872 

MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.638 
Mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.128 

--- 
1.146 
1.088 1.m 
0.Km 
2.176 

0.888 
0.864 
0.W 

0.811 
0.w 

1.158 
1.066 

1.064 
1.032 

1 . m  
0.883 

- - 
lQ41 

0.829 
0.882 
0.748 

1.021 

1.038 
1.057 
1.077 

1.118 
1.160 

0.806 
0.688 

0.816 
0. 860 

0.6% 

- 

].a13 

1. !ai 
- - 
1861 

1.161 
1.110 
1.807 

1.186 
1.W 

0.W 
0.Q47 
0.830 

0.887 
0.m 

1.178 
1.768 

1.071 
1.032 

1.- 
0.876 

1.100 
1.108 1.m 
1. aao 

0.886 
0. w3 

0.888 
0.887 

1. im 

0. Qai 

1. in 

1.070 

1.750 

1. oa2 

1.463 
0.817 
- - 
imi - 
0.880 
0.903 
0.781 

1.081 
1.187 

1. oaa 
1,048 
1.086 

1.111, 
1.137 

0.840 
0.667 

0.832 
0.882 

0.684 
1. n a  

JI _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
KI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
It.... ~ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  

0.831 
0.886 
0.762 

- - 
1862 

1.143 
1.098 
I. 267 

1.014 
1.778 

0.870 
0.850 
0. Q41. 

0.814 
0.887 

1.166 
1.837 

1.083 
1.032 

1.876 
0.868 

- 

- - 
1882 

0. QOQ 
0. fJa4 
0 . 0 3  

0.848 
1.6W 

1.024 
1.037 
I. 060 

1.076 
1.102 

0. 881 
0.676 

0.868 
0.880 

0.776 
1.W 

- 

- 

Mi', Ni. 2N, AY, PWL 
Ma.. .______-__ ~ _ _ _ _ _  
Md, MN. _ _  ~ _ _ _ _  ~ _ _ _ _  

- - 
1868 

1.112 
1.074 
1.184 

0.6b3 
2.161 

0.878 
0.888 
0.869 

0. Q38 
0. 820 

1.118 
1.468 

1.061 
1.020 

1.278 
0.828 

- 

- - 
1W33 

0. 706 
0.872 
0. 814 
0.8Qa 
1.689 

1.014 
1.020 
1. 027 

1.041 
1. OM 

0.8.M 
0.846 

0.w 
0. QQ8 

0.888 
1.046 

- 

- 

1.037 
1.050 
1.076 

- - 
1Q44 

0.044 
0. QM 
0.882 

0.876 
1.714 

1.018 1.on 
1.038 

1.056 
I. 074 

0.928 

-- 

Q. n4 

1: & 
0.846 
1.081 - - 
1954 

I. 070 
1.043 
I. 092 

1.001 
1. e54 
0. LNo 
0.888 
0.881 

0.872 
0. Qez 
1.0138 
1.246 

1.033 
1.023 

1.154 
0. W J  

--- 

- - 
1984 

1. o?.J5 
1.011 
1.00% 

1.200 
1.188 

1.001 
1.002 
1.003 

1.004 
1.006 

1.018 
1.063 

1.013 
1.014 

1.036 
1.003 - 

- - 
W 6  

1.003 
0. BBB 
0.870 

0.748 
1.944 

1.008 
1.008 
1.012 

1.018 
1.026 

c_ 

1: &I 
t: 8 
0.881 
i . 0 1 ~  
- - 
1866 

1.002 
1.001 
0,886 

1.260 
0. m4 
1.003 
1.004 
1.008 

1.00s 
1.012 

1.010 
I. 023 

1. ODB 
1.012 

1.016 
1.008 
- - 
1866 

1.076 
1.048 
1.106 

1.237 
1.176 

0.889 
0.w 
0.878 

0. !?e7 
0. 8 I  

1.076 
1.276 

1.0.36 
1.024 

1.172 
0. QSQ - 

- - 
lW 

1.067 
1. @a4 
1.068 

- 

;; % 

g: z 
!: $1 

0.694 

1.066 
I. 188 

1. am 
I. o a ~  
1.120 
0. Q76 - - 
1866 

0. 868 
0. OBB 
0. ma 
1.112 
1.276 

1.023 

1.016 
1.062 

0. M6 
Q. 818 

0.881 

0. BBO 
Lop1 

1686 

- 

1.~116 

1. oai 

aeeg 

- - 

1.117 

1. I86 

0. @a 
1.976 

0.878 
0. Qe7 
0. 866 

0.986. 
0.814 

1.124 
1.487 

1.058 
1.030 

1.283 
0. 822 

1. on 

- 

1.116 
1.068 

1.038 

t: 1 

t% 
1 1 1 6  
1: le4 

bb50 
1.180 

1888 

I. 166 
1.118 
1. ai6 

I. 310 
1.187 

0.663 
0. Ma 
0.838 

0. w 
0.531 

1.182 
1.702 

5 

-- 

1.072 

1.461 
0.871 

I.  ma 

- 
*Factor of MS. 28M, and M6f are each equal to Iactorfof Mh 
Factor /of Pi, RY, 61,81, 84, Sa, Ti, 88, and Baa are each unity. 
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Table 14.-Node factor f for middle of each year, 1850 to 1999-Continued 

Oonatitueat I 1970 
--_I__-- 

I 

- - 
1971 - 
I:132 
Zm 
1.232 

0: 888 
!A 170 

0.073 
0.800 
0.848 

0.922 
0.898 

1.143 
1.576 

1.059 
1.031 

1,341 
0. Bo6 - - 
1981 

0.930 
0.948 
0.864 

I. 001 
1.408 

1.021 
1.031 
1.042 

1.063 
1.085 

0.916 
0.735 

0.881 
0.987 

0.820 
1.070 

-- 

- - 
I881 

I. 080 
1, M1 
1.115 

1.248 
1.158 

0.888 
0.982 
0.976 

0.804 
0.652 

1.081 
I. m 
1 . 0 3  
1.025 

1.184 
0.056 

-- 

- - 
1072 

1,087 
1.003 
1.150 

1.118 
1. m3 

0.983 
0.076 

0.05l 
0.935 

1.101 
1.380 

1.045 
1.028 

1.233 
0.940 

I_ 

0. m7 

- - 
1882 

0.989 
0.987 
0.849 

I. 2x3 
0.074 

1. om 
1.013 
1.018 

1.027 
1.038 

0.070 

0.090 
1.005 

0.949 

- 

0. gal 

1. om 
- - 
1882 

1.030 
1.016 
1.016 

0.898 
1.778 

1. OM) 
1. OM) 
1. OM) 

1. OM) 
1 .  coo 

1.072 

1.01s 

-- 

1.024 

i.ni6 

1.048 
0. Bo8 

- - 
1973 

1.051 
1.028 
1.056 

1. no 
1.012 

0.905 
0.093 
0.091 

0.986 
0.881 

1.047 
1.159 

1.024 
1.020 

1.102 
0.982 

-- 

- - 
1983 

1. 045 
1.028 
1.046 

I. 157 
1.323 

0.097 
0.884 
0.883 

0.m9 
0. us0 

1.041 
1.137 

1.022 
1.019 

1.088 
0.888 

- 

- - 
1093 

0. 87a 
0.078 
0.922 

0.801 
1.8% 

1.013 
1.019 
1.025 

1.038 
1.051 

0. w10 
0. a i3  

0.088 
1. ooo 
0.010 
1.042 

-- 

- - 
1974 

0.885 
0.881 
0.957 

1.014 
1.636 

1.008 
1.012 
1.016 

1.024 

0.884 
0.840 

0.098 
1. ow 
0.902 
1.025 

-- 

I. 032 

- - 
1984 

1.083 
1.080 
1.142 

0.746 
2 050 

0.984 
0.977 
0.960 

0.854 
0.039 

1.080 
1.981 

1.043 
1.027 

1.221 
0.944 

- 

- - 
1884 

0.814 
0.937 
0.842 

1.077 
1.282 

1.024 
I. I130 
1.048 

1.072 
1.CO8 

0.807 
0. 088 

0.050 
0.982 

0.780 
1.081 

- 

- 

- - 
1075 

0.936 
0.051 
0.871 

0.808 
1.777 

1.020 
1.0% 
1.039 

1. w 
1.081 

0. e#) 
0.750 

0.970 
0.989 

0. 831 
1.007 

..- .-- 

-- -- 
10.95 

1.130 
1.0% 
1.228 

0.811 
2.032 

0.074 
0.002 
0.849 

0.924 

- 

0.801 

1.140 
1. as0 

1.058 
1.031 

1.393 
0. QOB 
- - 
1096 

0.884 

0.785 

Laos 
0. BM) 

1.032 
I. 048 
1.005 

1.m 
1.134 

0.844 
& 505 

0.034 
0.864 

0.601 
1.110 

-- 
0.805 

- 

- - 
1970 

0.881 
0.816 
0.804 

0.088 
1.428 

1.028 
1.044 
1.059 

1.122 

0.883 
0.007 

0.943 
0.970 

0.723 
1. 100 

1. om 

- - 
1088 

1.163 
1.104 
I. 286 

1.263 
1.202 

0.967 
0.951 
0.935 

0. Bo4 
0.874 

1.108 
1.700 

1.088 

1.412 
0.884 

---- 

1.031 

- - 
18go 

0. R33 
0.880 
0.764 

1.107 
1.083 

1.037 
1.056 
1.075 

1.115 
1.1% 

0.812 
0. 498 

n. 018 
0.052 

0. MG 
1.128 

- 

- 

- - 
1977 

0.842 
0.891 
0. 763 

1.179 
0.870 

1.035 
1.054 
1.072 

1.110 
1.149 

0.822 
0.617 

0.923 
0.966 

0.852 
1.123 - - 
1987 

1.164 
1.112 
I. 315 

1. 244 
1.367 

0.884 
0.010 
0.8% 

0.894 
0.802 

1.182 
1.778 

1. on 
1.032 

1.4M 

- 

0.87a - - 
1907 

0.828 
0.883 
0.750 

0.021 
1.487 

1.038 
1.057 
1.076 

1.117 
1. 159 

0.m 
0.489 

0.01G 
0.051 

0.628 
1. 130 

- 

- 

- - 
197R 

0.827 
0 . 1 2  
0.748 

1. I09 
0.874 

1.038 
1.057 
1.077 

1.118 
1. loo 

0. m 
0.485 

0.915 
0. om 
0.025 
1.131 
- - 
1088 

1.163 
1.111 
1.310 

0.740 
2.142 

0.904 
0.047 
0.930 

0. 800 
0.801 

1.180 
1.760 

1.032 

1.443 
0.874 

i.on 

- - 
1988 

0.852 
0.897 
0.772 

0.883 
1.500 

1.034 
1.051 
1.009 

1.143 

0. m2 
0.538 

0.9% 
0.050 

0.060 
1.117 

- 

I. in5 

- 

- - 
1970 

0.839 
0.800 
0. 700 

1.381 

1.030 
1.054 
1.073 

1.112 
1.151 

0.819 
0.612 

0. 022 
0.955 

0.047 
1.121 

-- 

a 004 

-. - 
1089 

1.148 
1. 100 
1.270 

0.746 
2.122 

0.954 
0.939 

0.910 
0.881 

1.161 
1.805 

1.085 
1.032 

1.592 
0.891 

0.800 

- - 
1888 

0.8W 
0.92tl 
0.821 

I. 090 
1.214 

1.027 
1.040 
1.054 

1.082 
1.111 

0.870 
0.043 

0.050 
0.976 

0.752 
1. 091 

-- 

- 
' Factor/of MS 2SM, and MSf aro cach orlual to factorfof M t ,  
Factor (or PI, R:, SI, Sa, Sa, SI, T:, So, and Ssa am onch unity. 



Table 15.-Equilibriccrn argument ( V , +  u) for meridian of Greenwich at beginning of each calendar year, 1850 to 2000 

XIZ.. ........................ 
M3 ....... 
M c . . .  . . - -. . . . . . . . -. . . . . . . . . . 
Me 

299.8 
269.7 
239.6 
179.4 

M a  .---. _ -  -.-.. . . . . ._ .. . . . . -. 

Nz.. ..... . - ..... . .... . 
2N --.... _................ ,. 
0 
00 ._...__..._._._____...... 

PI .......................... 
QI _.._____.__._.._.... ..... 
2Q __._.._..__...._._._...._. 
R, 
SI ..._........_._._.___..._.. 
FI .48  ....................... 
1'1 .._._._..._.._._..._...._ 

AY.. ._.__ ~-.. ._.__ _____. . .___ 
cz ........................... 
11 ........................... 
pi _.__.__ ~ __.._._______..__.. 

.. ... 

119.2 

2io. 0 
240.3 
299.9 
240.0 

349.7 
270.1 
240.4 
179.9 

180.0 
0.0 
0.1 

148.8 
241.0 
270.8 
270.9 

M K  ._..__._._...___..._._.. 
2 M R  ____....___._._..._____ 
MN _.__ ~ _...___._____.._... 
M S  .._...___...___._____.__. 
2SM ...__.._____.__.....____ 

303.3 
236.1 
239.8 
" 3 . 8  
60.2 

Mt ________..._______.._.____ 
MFf.  -. . __. . . -. . 
M m  

~ _ _  _ _  .. . __. 
240.0 
60.2 
29.8 

- - 
1869 - 

0 

340.1 
3. 1 

187.0 
100.4 
47.2 

292.0 
258.0 
224.0 
156.0 
88.0 

311.2 
330.4 
2112.7 
245.8 

349.3 
311.9 
331.1 
180.0 

180.0 
0.0 
0.0 

197.6 
225.6 
208.4 
207.2 

295.1 
220.9 
243.2 
292 0 
68.0 

246.5 
68.0 

340.8 

280.7 
201.4 

- - 
1853 
-. 

307.5 
2. 2 

184.0 
530.9 
50. 6 

217.0 
l(5.5 
71. 1 

FJl. 1 
148.1 

XB. 0 
319. I 
218.8 
318. G 

349.4 
269.5 
3m. 5 
180.2 

180.0 
0.0 

359. 8 

228.9 
76.2 
25. 1 
26. 6 

219.2 
71.9 

125 1 
21i. 0 
143.0 

320.1 
113.0 
309.0 

280.6 
mi.  1 

- - 
1855 

- - 
1659 
.- 

151.2 
14.9 
!IO. 4 
54.4 
81. 7 

80. G 
IW. 9 
lD1.2 
241. 7 
122.3 

1oG. 2 
Ii1.8 
m. 7 

349.9 
289.3 
1%. 9 
179. d 

180. C 
0. c 

1x1. a 

0. 4 

159.5 
46. I 

294. ' 
277.2 

95. f 
146. : 
26. I 
80. ( 

2i9.4 

133. : m. 1 

134.1 

280. : 
200. : 
- 

__ .- 
18M) -_ 

0 

212. 6 
10. 7 

214.0 
229.0 
178.9 

181.8 
272. 7 

3. 6 
1% 4 

7.3 

318.7 
95. 6 

162.3 
56.8 

350.1 
299.2 
76. 1 

li9.3 

180.0 
0.0 
0.7 

318.7 
1.8 

224.9 
205.4 

198.5 
346.9 
140.5 
181.3 
178.2 

37.3 
1%. 2 m. 1 

279.9 
199.8 

- - 
1862 

- - 
1864 - 

251.7 
17.0 

213.2 
259.4 
1i9.7 

200.2 
1%. 2 
40 3 

240.5 
80.7 

329.1 
98.0 

179. 5 
41.8 

350.1 
308.5 n. 4 
lis. 3 

180.0 
0.0 
0.7 

310.5 
38. a 

269.9 
249.2 

217.2 
23.3 

169.3 
2002 
159.8 

21. 1 
159.8 
231. 1 

ne. 9 
199.8 

- - 
1865 _- 

0 

350.6 
15. 2 

209.7 
62.5 
56.8 

2i6.0 
53.9 

191.9 
107.9 
23.8 

303.1 
330.3 
2%. 2 
317.2 

349.3 
285.4 
312.6 
180.0 

180.0 
0. 0 
0.0 

208.1 
191.0 
163.8 
146. 1 

291.2 
176.7 
219. 1 
276.0 
84.0 

299.4 
84.0 

332.8 

280.7 
201. 3 

__ -- 
1868 - 

0 

74.0 
11.7 

2a7.2 
249.4 
311.8 

16.0 
24.0 
32. 1 
48. 1 
64.1 

314.5 
252 9 

3.6 
201.3 

349.6 
302.0 
240.5 
179.8 

180.0 
0.0 
0.2 

118.7 
31.8 
93.4 
80.9 

27.7 
20.4 

330.5 
16.0 

344.0 

188.8 
344.0 
61.6 

280.4 
200.8 

_. - 
1867 
__ 

157.0 
8.0 

196.4 
86.0 

235.5 

116.1 
354.1 
232.2 
518.2 
1W. 3 

325. R 
175.5 
109.3 
84.1 

349.8 
319.0 
168.8 
179.5 

180.0 
0.0 
0.5 

29.3 
232.6 
2 2 9  
16.2 

124.0 
224.2 
81.9 

116.1 
263. Q 

77.4 
243. Q 
150.3 

m. 2 
200.4 

- - 
1868 - 

0 

240.8 
4.6 

1M. 0 
283.9 
162.6 

216. 2 
324.2 
72.3 

288.5 
144.7 

3x7. 2 
85.1 

211.4 
329.1 

350.1 
335.4 
96.4 

179.3 

180.0 
0.0 
0.7 

299.9 
73.4 

312 4 
310.7 

220.8 
67.7 

193.3 
216.2 
143.8 

327.3 
143.8 

279. Q 
199. B 

239. a 

- 
1861 1859 1856 la57 

-- 

327.3 
10.4 

200.9 
353.3 
55.4 

3 7 . 7  
3%. 6 
1:5.4 
353. 1 
230.9 

280.8 
327.8 
'El. 3 
3 3 . 4  

349.4 
2io. 4 
313.4 
180.1 

180.0 
0.0 

359.9 

m. 0 
115.5 
72 4 
62.0 

248.2 
la5 0 
158.5 
23;. 7 
127.3 

323.1 
122.3 
316.9 

280. G 
201.2 

1851 

116.0 
I. 6 

183.8 
3%. 6 
2i3.5 

40. 1 
240.2 
80.2 

120.3 
160.4 

281.6 
163.2 
42.6 

132.5 

349.9 m. 1 
165.6 
179.7 

180.0 
0.0 
0.3 

59.6 
82. 1 m. 6 

203.1 

41.8 
78. 6 

321.8 
40. 1 

319.9 

134. 9 
319. 9 
118.5 

m. 1 
200.1 

204.  0 
0.9 

181.8 
161.5 
165.2 

140.6 
211.0 
281.3 
61.9 

2M. 6 

293.4 
86.2 

143. H 
29. 8 

350.2 
296.6 
89. 1 

1 n .  4 

180.0 
0.0 
0. 6 

330.7 m. 4 
130.6 
133.8 

141. 6 
250.4 
74. 1 

140. 6 
219.4 

33.0 
219.4 
mi. 2 

Z9. 8 
199.6 

129.4 
5.0 

189.5 
26.0 

2i4.8 

59.3 
8R. 9 

118.5 
177.8 
237.0 

292.8 
166.4 
.vi. 3 

129.6 

319.9 
289.9 

1i8.6 

1m. 0 
0.0 
0. 4 

52. 2 
119. Y 
246.3 
213.4 

64.3 
113.5 
352. 1 

300. I 

126.7 
300.7 
126.4 

230.1 
200.2 

m. 4 

59.3 

21. 2 
i. 1 

.91. 0 
IN. 6 
liO.8 

GI. 0 
121.3 
121.9 
B2. 5 

305.5 
!lo. 3 

151. G 
37. 5 

350.2 
FB. 4 
84.3 

l i Y .  4 

180.0 
0.0 
0. li 

324.1 
3 2 . 0  
l i i .  2 
171.1 

167.8 
314.1 
loo. 1 

109.4 

31.5 
199.4 
215.2 

279. 8 
199. 7 

irn. 6 

iw. G 

59.4 
12.8 
305. 8 
301.2 
147. 2 

us. 2 
128.8 
118. 4 
9i. 6 
276. 7 

83.5 
Ili. 9 
325.4 
142.0 

349. G 
2i8.8 
234. 1 
Ii9. 8 

lso. 0 
0.0 
0. 2 

135.0 
317. 7 

3.4 
349.6 

352.0 
305.0 
272.7 
3 3 .  2 
20.8 

228.3 
20. R 
45. 7 

280.4 
200.7 

317.4 
18. 9 

218.2 
26.0 
61.0 

258.5 
207.7 
156.9 
55.4 

313.9 

293.6 
3%. 7 
'236.0 .us. 9 
319.4 
271.1 
306.2 
lso. 1 

180.0 
0.0 

359.9 

217.2 
154.9 
119.8 
97.3 

2i:. 4 
138.1 
192.0 
258.5 
101.5 

326.4 
101.5 
324.9 

280.6 
201.3 

0 

77.0 
19.3 

m7.6 m. 0 
141.0 

159.3 
178.9 
IS. 5 
k57.8 
357. I 

305.6 
252.0 
us. 9 
250.7 

319.6 
262.3 
228.7 
179.8 

180.0 
0.0 
0. 2 

128.5 
356.4 
50.0 
26.7 

18.5 
339.2 
3w. 9 

0. , 
227.4 

0.7 
53.6 

m. 4 
200.8 

359.2 

165.2 
18. 7 

117. 0 
72.2 

Bo. 0 

99.8 
149.7 
199. 6 
299.5 
39.3 

317.5 
175.2 
77. 0 

14s. 7 

349.8 
294.7 
152.3 
179.6 

180.0 
0. 0 
0.4 

39. 6 
197. 7 
340. 1 
317.2 

118.5 
181.0 
57. 3 
99.8 xi. 2 

125.8 
260. 2 
142.3 

280.2 
200.3 

38. 1 
3. 3 -. . 

186.0 
177.7 
346.9 

318.0 
l l i . 0  
276.1 
234. 1 
192.1 

280.3 
242. 6 
317. 7 
223.1 

319.7 

242.2 
li9.9 

280. a 

180. a 
0. c 
0. I 

140.4 
2;;. 8 
315. C 
315.3 

321.4 

222. i 
42. ( 
3i. i 



Table 15.--Equilibrium argument (V ,  + u) for meridian of Greenwich at beginning of each calendar year, 1850 t o  2000-Con. 

Constituent __ -_ __ 
JI ........................... 
Ii' ......................... 
Kz ....................... 

I870 
___ 

0 

67.1 
1.7 

1%. 7 

AT2 ....................... 
M. ...................... 
M; ........................ 
Ms ........................ 
hli  ....................... 

3 2 4  
2% 6 
6.l.Y 
97.2 

129.6 

Nt ......................... 
2N ......................... 
01. ......................... 
00 ......................... 

Pi.. ........................ 
QI .......................... 
24 ........................ 
R, .......................... 

s ,..... ..................... 
&.,.e ...................... 
T: .......................... 

x, ........................... 
p1 .......................... 
R... ....................... 
p I .......................... 

MI .......................... 142.7 
MSI.. ...................... 327. G 
Mm ........................ 69.5 

322.9 
2.;3 4 
34.8 

140.3 

349.6 
325.3 
255.8 
l i9 . i  

1sn.n 
0.0 
0.3 

108.5 
m.8 

136.3 
138.8 

sa .......................... m . 4  
ssa ......................... 200.9 

MK ....................... 
2MK ....................... 
MN.. ...................... 

155.7 
1.4 

182. 6 
loo. 6 
201. n 
!%?.O 

39. n 
,w. 5 
mi. ( I  

172 1 

331.8 
176. s 
I<%. 6 
39.3 

349.8 
m7.3 
liQ.1 
li9.5 

0.0 
0.5 

19. 6 
2fB. 2 

Gr,. 4 
fig. 0 

134.4 
261.6 
1Oi. 9 
1.13.0 
211. 0 

4!.Q 
2 7 . 0  
153.2 

m. 2 m. 4 

180. n 

34.1 
67.1 

355.3 

215.6 
2.0 

183.6 
307.8 
145.3 

7%. 9 
1iO. 8 
I N .  X 
311.6 
215.5 

31G 9 
w. 9 
23s. 2 
302. n 
m. n 
31s. 3 
IC;. 3 
li9.2 

130.0 

0.8 

31.0 
109.8 
35R. 8 
3:i. 1 

235. 9 
105. 7 
m. 8 
233 D 
12G. I 

303.4 
128.1 
247.0 

280.0 
200.0 

0. n 

350 s 
4. I 

183.2 
139.4 
43.0 

m. 6 
105.9 
Y,l. 2 
211.8 
102. 1 

321. 8 
333. 1 

3 1 .  8 

349.3 

,131. 3 
180.0 

130 0 
0.0 
9.0 

IS8. 6 
262. 9 
2.51. 6 
21Y. 9 

315.0 
2 s .  8 
2i2 .  4 
310. 6 
49. 4 

233.0 
49. 4 

318.8 

BO. 7 

.? R 

m. n 

mi. 4 

- - 
1374 

82. I 
6.2 

192 1 
206.6 
301. E 

51.9 ,,.> 
1n:i. 8 
155. r 
Xi. 5 

X?4. 4 
2X. 0 
47.3  

141. [I 

319.5 
3 3 .  e 
252.3 
179.7 

0.0 
0. 3 

-- 

190 a 

in!. 4 
in:. 9 
IS?. 4 
l i i .  8 

5s. 2 
97.5 
E.  3 
51.  0 

305.1 

137. 3 
333.1 
7. S 

280.5 
201.0 

li1.0 
P. 5 

1%. s 
232. ., 
1.17. 3 

.XIS. G 
'99.9 

23. 2 

747. I 
IW. 9 
1.15 .5 
50 .2  

349. 8 
339. 3 
173. 1 
179.4 

180.0 
0.0 
0. G 

13.3 
307. I 
1'3.3 
IG.5 

101.8 m. I 
153.3 m. 7 

42.3 m,. 7 
lW. 2 

m. 2 
m. 5 

121. R 

XI. n 

14n. 4 

- __ 
lSiG 
_. 

264.1 

334., 
145.5 

S!. 9 
T2. 2 

1 19. 6 
4 4 . 3  m. 1 

359. K 

243.6 
319.8 

3.50, 
3.IR. 6 
93. i 

179.2 

in. 9 
m i .  y 

in i .  9 

180. n 
n. 0 
0.8 

3.i. 3 
119.3 
41. 2 
33. 1 

266. G 
1.38.7 
2.3. G 
25.1. 8 
105.2 

307.6 
105.2 
254.9 

200.0 
mo. n 

- - 
1877 

__. 

12. ? 
1.1. 1 

m. G 

5.5. I 

33 1 . s 
31i.X 
:109. 7 
275. s 
217.4 

335 : 
=!I. 4 
316.1 
2%. 6 

349.2 
319. t 
322.9 
173.9 

iia. G 

IW. n 
n. o 
0. 1 

l S l . 2  
392.8 
m. 5 

316.0 
289.6 
3Oi. 0 
331.9. 

25.2 

2%. 1 
2s. 2 

368.7 

290.8 
201. 5 

234. n 

- __ 
I878 - 

0 

103.9 
16. 2 

212 9 
331.4 
310. n 

i 3 .  2 
%!I. x 
146. 4 
219. !i 
?I)?. 8 

3fi .8 
252.3 
5 &. 7 

lG2. 2 

349.5 
32e. 3 
243. 9 
1i9. i 

180.0 

0.3 

m. 1 
144.8 

211.8 

89.3 
130.2 

73. - 
285.8 

113.7 
BG. 8 
85.4 

250.5 
201.0 

n. n 

Bo. 3 

60.0, 

__ - 
1.979 
- 
19s. 0 
17. 7 
216.0 
151.5 
?IC. s 
li4.4 
2fil. 5 
319.7 
I(.?. 0 
?3i. 4 

1%. n 
IS?. 5 
I%. 3 

349.7 
339.3 
I rk5. 2 
173. 4 

180. n 
0.0 
0. 6 

7.8 
348.8 

140.0 

192 1 

1i.I. 5 
175.4 
185.6 

47. 4 
185. G 
174. 2 

so. 3 
200. G 

n. 2 

irn. 9 

3.31. n 

- _. 

ISSO - 
Xi. 3 

16.6 
21i. 6 
359.2 
i42.2 

275.3 
3 2 .  !! 

105.9 
?I .  2 

I?. .I 
ln9. 6 
252. 8 
m . 0  

xln. 0 
87. 1 

li9. 2 

1RO. 0 

m. t i  

s o .  o 

0. n 
0. 8 

2in  2 
IRS. s 
91.3 
6s. 9 

293.9 
li2.0 
87. i 
275.3 
84.7 

%INo9. 6 
84.7 

162.9 

280.0 
m. 1 

- - 
18.31 
- 

23.5 
19. , 

219.2 
189. R 
<si. 2 

351. 6 
IGi. 4 
3 13. 2 
334. s 3x i 

347.0 
342.3 
327.8 
3,559.8 

3 49.2 
v3. 2 
318. 5 
179. 9 

180.0 
0.0 
0.1 

l i i  4 
311.2 
345.8 
3 2 .  0 

11.3 
323. G 
338. G 
351.6 

8.4 

8.4 
4.7 

m. 8 
MI. 6 
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Table 15.-Equilibrium argument ( Y o +  u) for meridian of Greenwich a t  beginning of each calendar year, 2850 t o  2000-Con. t\3 
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Po. : 

0.0 

mL o 

0 

170.9 
10.6 

236.0 

301. r 
el. 7 

2 0 2  
183.3 
124.4 

la. 2 
3u. 4 
2Wl m. 9 

350.1 
130.2 
m 4  
la 3 

16u 0 

L 7  

P 3  
W l  
41. 9 
a(L0 

311.7 
231.6 
824 

3OLl 
Ea9 
m9 
sa9 
lm.9 

m. r 
199. : 

201. o 

ao 

- 

0 

138 2 
3.0 

1866 
179.7 
m 6  

! X I 3  
184.0 
l a  6 

253.2 
e. 9 

0 

227.6 
4 8  m. 1 

220 
148.2 

344.5 
15a 8 
32B. 1 
313.8 
2881 

119.8 
IuJl 
3U.6 
m . 2  

116.0 
2sl2 
178 1 

18QO 
0.0 
1 9  

314 0 
a30.4 
195. 1 
192 2 

349.4 
324.3 
104.4 
344.6 
1s. 6 

1s. 6 
2 x 2  

mt a 

184. 7 
1. 1 

182 4 
319.1 
226.5 

319.6 86.6 167.7 240.5 
7.0 10.3 1 2 6  1 4 7  

lW.7 lW.6 1oJ.6 M O  
%O 66.4 m6 49.0 
9 2 1  843.4 a 7 - 0  149.2 

85.9 lea.0 2a&5 5.9 
1289 84.6 38.7 R 8  
17L9 328.1 X69.0 11.7 
m.8 128.1 73.6 17.8 
34&8 2 a 1  337.9 n . 4  

w 2 6  1QI.8 la0.s 133.2 
17’20 626  SW.6 280.6 
(19.9 16L6 230.8 38.0 

1 1 4 1  48.2 310.7 !U46 

317.6 
208.3 
w. 1 

m2 
232 6 

350.1 
162 8 
345.0 
178 2 

l80.0 
0.0 
1.8 

lea0 180.0 180.0 180.0 
ao ao 0.0 ao 
2 1  1.4 1 7  1 9  

m.0 l24.8 3&8 3087 
1726 328.0 l a 2  10.3 
128.0 2L3 3122 243.0 
i ig.9 10.8 m 4  a . 2  

lo. 1 an. 1 
85.0 
8 8 0  

318 6 
9 2 9  i n 3  m.1 m.6 

164.9 3L5.8 1 W 4  357.0 
a 8 4  me 25.0 139.0 
86.0 1630 2616 h0 

2741 197.0 96.6 864.1 

~ 

2740 
107.3 
817.8 
a 4  

na a 
4 2 4  

1m. 8 

279. P 
1W.I 1 219.3 m0 219.8 219.6 I 1RI6 I m.l I 199.6 I m.l 
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Table 15.-Equilibrium argument (V,+ u) for meridian of Greenwich at beginning of each calendar year, 1850 to 2000-Con. 

Constituent 

JI ______.__._.___..___.____._ 
Ki ____._.___._.____. ~ __._._. 
K, --.. . . . . .~-. . .____ ____. ... 

MI _.______._____..._..____.. 

MI ..___ ~ __.___..._ __..__.... 
MI .____. _ _ _ _  ..--. . . . .. . .. . . . 

Lt. __._.__.___..__..____._.. 

1930 - 
0 

180.4 
6.1 

191.8 

228.3 

337.2 
145.8 

3522 

N, .___.__..__..._._.___._._. 
2K _..._.__._.___.____.__.... 
01 __.__.___.____._.__.._.... 
00. ____.__ _ _ _  .--. ___. . ...-. 

161.4 
345.6 
3326 
216.6 

- __ 
1931 - 

0 

272.3 
8. 4 

196.6 
110.1 
120.5 

78.6 
117. 9 
157.2 
235.8 
314.4 

174.1 
269.6 
io. 8 

124.9 

350.3 
166.3 
261.8 
177.9 

180.0 
0.0 
2. 1 

275.1 
157. 6 
6 2  1 
54.3 

87.0 
148. E 
252 7 
78.6 

281.4 

117.1 
281.4 
264.5 

279.7 
199.4 
- 

PI _____..__ ~ ..__..__..._..__ 
QI ____.__..c_...__..__....__ 
24 _..__._.______._______..._ 
Ry _ _ _ _ _  -. _ _ _  - _ _  __. . . . -. . . ... 

_. - 
1932 - 

0 

4.4 
10. 7 

201.6 
330.8 
21.6 

180.1 
90.1 
0.2 

180.2 
0.3 

186.9 
193.6 
168.9 
33.6 

350.6 
175.6 
182 4 
177. 7 

180.0 
0.0 
2.3 

187.1 
359. 8 
353.0 
341.8 

190.8 
349.5 

7.0 
180.1 
179.9 

22.3 
179.9 
353.2 

279.4 
1% Q 

350.1 
156.8 
341.0 
178. 2 

- - 
1933 -- 

0 

110.5 
14.0 

208.3 
167.9 
293.3 

257.1 
25.7 

154.3 
51.4 

308.6 

162.1 
67. 1 

241.7 
329.2 

349. 8 
146.7 
51.7 

178.4 

180.0 
0.0 
1.6 

86.0 
153.2 
248.2 
'232.8 

271.1 
140.3 
59.3 

257. 1 
102.9 

313.8 
102. 9 
95.0 

280.2 
200.4 

__ - 
1934 - 

0 

m. 1 
15.9 

212 4 
18.8 

234.4 

358.4 
357.7 
356.9 
355.4 
353.8 

174.7 
351.0 
340.1 
236.7 

350.0 
156.4 
332. 6 
178.2 

180.0 
0.0 
1.8 

357.9 
355.3 
179.0 
160.7 

14.4 
341.0 
173.2 
358.4 

1.6 

218.3 
1.6 

183.7 

199. 9 
280. a 

- __ 
1935 
__ 

0 

293. 1 
1;. 4 

215.3 
201.7 
134. I 

99.6 
329.4 
1%. 2 
298.8 
3 a 4  

187.1 
274.7 
78.9 

142.4 

350.3 
166.5 
254.0 
177. 9 

180.0 
0.0 
21 

269.5 
197.2 
109. 6 
89.0 

117.0 
181.8 
286.7 
99.6 

260.4 

121.8 
260.4 
272.4 

279.7 
199.4 

- _. 

1836 
__ 

D 

23.2 
18. 2 

216. G 
6.0 

27.0 

200.5 
300.7 
41.0 

241.5 
82.0 

199.3 
198 2 
178.4 
45.7 

350.5 
177.2 
176.1 
177.6 

180.0 
0.0 
2.4 

181.0 
3fL9 
40.0 
18.0 

218.7 
22.8 
39.8 

200.5 
159.5 

23.6 
159.5 

1.2 

279. 6 
199. c 

- - 
1837 - 

0 

126 2 
19. 1 

217.9 
193.1 
m. 7 

216.8 
235.2 
103.6 

27.1 

173.8 
70.9 

253.6 
332 9 

319.8 
150.6 
47.6 

178.4 

180.0 
0.0 
1.6 

79.1 
191.5 
294.5 
271.3 

295.8 
174.5 
90.6 

276.8 
83.2 

309.7 
83.2 

1m. 0 

280.2 
200.5 

I i a  3 

- - 
1938 - 

0 

213.5 
17.9 

215.1 
35. Q 

227.4 

17.2 
205. 8 
34.4 
51.6 
68.9 

185.5 
353.8 
355.4 m. 3 

163.7 
332 0 
178.1 

180.0 
9.0 
1.9 

350.0 
3 2  7 

224.4 
M2.6 

35.1 
16.6 

2028 
17.2 

342.8 

206.4 
342.8 
191.7 

280.0 
200.0 

350. n 

- - 
lW - 

0 

299.1 
15. 6 

210.3 
227.4 
132 6 

117.5 
176.2 
9 4 . 9  
352 4 
109. 8 

197.1 
27s. 6 
fQl8 

118.6 

350.2 
178.4 
258.0 

180.0 
0.0 
21 

m. 8 
233.7 
154.1 
135.4 

133.0 
219.4 
314.5 
117.5 
242 5 

$9.9 
242 5 
280.4 

279.8 
199.5 

177. 9 

- - 
1940 - 

0 

23.1 
12 4 

2oL 2 
44.3 
T L O  

217.6 
146.4 
75. 1 

292.7 
150.3 

208.4 
199.3 
B3.6 

4.2 

350.5 
191.5 
185.4 
177.6 

180.0 
0.0 
2 4  

171.4 
74.6 
83. 7 
69.8 

m. 9 
6 2  8 
66.0 

217.6 
142 4 

350.3 
142 4 

9.1 

279. 5 
199.0 

__ - 
194 1 
__. 

120. 2 
e. 6 

199.4 
215.2 
260.9 

293.2 
79.9 

226.5 
159.7 
8 2 9  

182.3 
71.4 m. 0 

274 6 

349.7 
173.1 
62. 1 

178.3 

180.0 
0.0 
1.7 

69.0 
226.6 
337.5 
328.3 

302.8 
216.8 
115.6 
293.2 
66.8 

265.3 
66.8 

110.9 

280.3 
200.5 

__ - 
1942 
- 

0 

m. 5 
6.0 

192 7 
49.6 

1'13.4 

33.3 
48.9 
66.6 
99.9 
133.2 

193.6 
35% 0 
29.5 

158 2 

350.0 
189.8 
3Yl.2 

180.0 
0.0 
1.9 

339.5 
67.4 

267.0 
m . 2  

39.3 
60.6 

226.9 
33.3 

326.7 

156.4 
326.7 
199.6 

280.0 
200.0 

i7a  1 

__ - 
1943 - 

0 

289.0 
3.1 

187.0 
249.0 
109.5 

133.4 
20.2 

288.9 
40.3 

173.8 

205.1 
276.7 
133.8 
4 5  4 

35Q2 
m. 5 
m. 1 In. 8 

180.0 

2 2  

250.2 
2683 
196.7 
197.1 

136.5 
263.8 
338.5 
133.4 
226.6 

45.8 
220.0 
288.4 

279.8 
199.6 

0.0 

0 

14.2 
1.2 

182 9 
82.0 
12 9 

233. 8 
350.6 
107.5 
341.2 
215.0 

BB. 7 
198.6 
Z3S. 6 
297.5 

350.5 
219.6 
2015 
1TI. 6 

180.0 
0.0 
2.4 

161.0 
109.4 
128.4 
129.4 

234. 9 
108.3 
Bo. 4 

233.8 

300.4 
126.2 
17.1 

279.5 
199.1 

126. 2 

- __ 
1945 - 

0 

116.2 
1.4 

182 8 
210.2 
252 0 

308.9 
ZE4.8 
259.8 
209.6 
15%. 5 

191.0 
i2.1 

312 6 
222.0 

349.7 
193.7 
74.9 

178.3 

180.0 
0.0 
1.7 

59.0 

23.4 

311.3 
258.4 
140.9 
309.9 

50.1 

224.1 
50.1 

118.9 

280. 3 
200.6 

261. 9 
m. 7 

- - 
1946 - 
P 

205.5 
1- 6 

182 8 
M4 

XSI. 2 

50.6 
233.0 
101.3 
151.9 
2025 

2030 
355.4 
5 2  7 

123.2 

350.0 
205.1 
357.5 
178.0 

180.0 
0.0 
2.0 

330.3 
1CB. 4 
311.0 
313.0 

52 2 
99.6 

253.7 
50.6 

309.4 

125.2 
309.4 
207.6 

180.0 
200.1 

__ - 
IS47 

0 

296.0 
2.7 

184.8 
271.8 
91.3 

151.6 
227.4 
303.2 
94.9 

246.5 

215.3 
279.0 
151.9 
R. 4 

350.2 
215.6 
279.3 
177.8 

180.0 
0.0 
2.2 

X l .  8 
3Q5.1 
241.4 
241.8 

164.3 
300.6 

6.9 
151.6 
aog4 

208.4 
Zui3 

m. 8 
199.6 

n. 7 

__ 
_. 

1948 

0 

27.3 
4.4 

168.2 
118.7 
14.5 

252 8 
199.2 
145.7 
38.5 

291.3 

227.8 
2028 
220.6 
2%. 9 

350.4 
225.6 
200.5 
177.5 

180.0 
0.0 
2.5 

153.6 
147.1 
172.1 
169.9 

257. 2 
141.3 
12Q 6 
251.8 
107.2 

291.6 
107.2 
25.0 

279.6 
199.2 

0 

133.1 
7.4 

194.6 no. 7 
257.4 

3a9. 8 
134.7 
299.6 
289.5 
239.3 

m. 0 
76.2 

3'23.5 
ne. 1 

349.7 
196.7 
69.0 

178.3 

180.0 
0.0 
1.7 

5 2  4 
m4 
67.3 
61.0 

337.3 
292 2 
I n 8  
329. 8 
30.2 

2228 
30.2 

1%. 8 

280.3 
200.6 



Table 15.--Equilibrircm argument (K- fu )  for meridian of Greenwich at beginning of each calendar year, 2850 to  2000-Con. 
- __ 

1951 

0 

317.2 
12 1 

!ax4 
288.5 
91.6 

n. 2 
345.5 
158.3 
331.1 

228.5 
284.2 
159.8 
46.2 

350.2 
215.5 
271.3 
177.7 

180.0 
0.0 
2 3  

236.4 
344.9 
289.2 
276.2 

184.9 
333.5 
41.3 

172 8 
187.2 

33.2 
187.2 
304.3 

279.8 
199.7 

172 a 

- _. 

1952 

0 

49. 1 
14.2 

m9.0 
147.4 
2 2 2  

274.2 
51. 3 

188.3 
102.5 
16.7 

241.2 
208.2 
258.0 
314.2 

350.4 
225.0 
192.0 
177.5 

180.0 
0.0 
2 5  

148.3 
187.1 
220.1 m. 9 

188.4 
174.1 
155.4 
274.2 
85.8 

w.1  
85.8 
33.0 

F. 6 
99.2 

- - 
1953 

0 

154.6 

214.7 
306.1 
265.5 

351. a 
346.6 
342 1 
333.1 
324.2 

216.3 
81 5 

331.2 
248.5 

349.6 
196.4 
61.6 

178.2 

180.0 
0.0 
1.8 

47.0 
340.3 
115.1 
95. 3 

8.1 
325.0 m. 3 
351.0 

9.0 

128.6 
9.0 

134.8 

180.4 
m. 7 

17. a 

- - 
1954 
__ 

0 

246.3 
18.3 

118.5 

9 2 1  
318.1 
184.2 

8.4 

228.6 
6 1  

70.3 
153.4 

349.9 
206.8 
343.3 
178.0 

180.0 
0.0 
2 0  

318.6 
182 1 
45.6 
23. I) 

110.4 
165. Q 

9 2  1 
267.9 

131.6 
167.9 
123.5 

m. 1 
m. 2 

217. a 
159. a 

nfi. 3 

320.7 

- - 
1955 
_. 

0 

33s. G 
IS. 7 

217.6 
322. E 
85.3 

192 S 
m. I 

218 7 
51.6 

210.7 
2B86 
170.1 
255.4 

350. I 
217.9 
285.7 
177.7 

180.0 

2 3  

ne. 9 
23.7 
335.9 
313.1 

211.6 
7. 1 

73.6 
192 9 
167. I 

32. 7 
107.1 
?12 2 

w. 9 
199.8 

25. e 

0. n 

0 

63.6 
IS. i 

216. C 
165.4 
21.6 

293. t 
260.2 m. C 
160.4 
93. s 

252 5 
211. z 
271. 1 
313.6 

350.4 
230.2 

177.4 

180.0 
0.0 
2.6 

141.0 
225.0 
266.0 
243.0 

311.7 
208.7 
I S .  0 
293.5 
66.5 

2gl. 3 
66.5 
41.0 

C9.6 
199.3 

im. 2 

- _. 

1957 

0 

1 M C  
17. f 

214.4 
338. f 
m. 6 

9.4 
194. i 

28.4 
37. a 

226.7 

348.1 
234.4 

349.6 
205.4 
62  7 

178.2 

180.0 
0.0 
1.8 

38.8 
17.4 

160.1 
138.8 

27.0 
1.3 m. 2 
9.4 

350.6 

213. I 
EO. 6 
142.7 

m. 4 
100.8 

la g 

84. a 

__ 

0 

249. ( 
14. { m. ( 

153. E 
155. i 

109. 
164. * 
219. : 
328. I 
78. f 

238. 2 
6. 

9 2  1 

349.9 
220.7 
349.2 
177.9 

180. 0 
0.0 
21 

309.5 
218 3 
69.8 
72. 3 

124.6 
204.4 
347.8 
109.6 
250.4 

105.3 
250.4 
21.5 

m. 1 m. 3 

122 a 

- 

- -- 
1959 
- 

0 

332 ! 
11.4 

342 4 
62. 4 

209. : 
i34. f 

269.1 
ll8.{ 

249. ! 
288.4 
197.4 

7. I 

350.1 
237.2 
277.1 

180.0 
0.0 
2 3  

a. 1 
59.1 
19.3 
7.0 

221.2 
48.0 
99.2 

209.7 
150.3 

354.8 
150.3 
320.2 

280.0 
199.8 

2o2 f 

59. ; 

in. 7 

- 

- - 
1W - 
55. i 

179. i 

104. I 

7. 1 

195. I 

341. * 

309. : 
259. * 
209. : 
159. ( 

260. I 
212 ( 
303. : 
25at 

350.3 
2s. 3 
205.4 
177. 4 

180.0 
0.0 
2 6  

130.7 
2.59.9 
308.8 
302 2 

317.4 
251.8 
210.6 
309.8 
60.2 

243.4 
50.2 
48.9 

ne. 7 
199.3 

- - 
1961 - 
153. : 

5. : 
191. ' 
252 d 

25. ! 
39. : 
50.3 
76.1 

101. I 

234. t 
8el 
23. ( 

I62 ( 

349. f 
232 3 
81. f 

178.1 

0. a 
1.9 

28.2 
52 0 
m 7  
m. 2 

30.7 
45.7 
M. 2 
25.5 
I34 5 

59.5 
34.5 
50.7 

80.4 
00.8 

5. ; 

180. a 

- - 
1961 - 

0 

238. j 
2 ,  

186. : 
191. I 
146. : 
125. : 

8. 
251. : 

17.( 
142 t 

246. : 
6. t 

51. 1 

349. E 
247.4 

7. s 
177.9 

im. t 

180. a 
0. a 
21 

299.0 
253.0 
132.4 
133.4 

128.4 
248.6 
11.0 

125.7 
234.3 

52. I 
234.3 
238.4 

280.2 
200.4 

0 

375.2 
1.2 

182.8 
2 4  

36.5 

228.0 
339.1 
9 2  1 

31R 1 
184.2 

257.9 
299.8 
229.0 
305.2 

350.1 
260.8 
292.7 
177.6 

180.0 
0.4 
2 4  

209. Q 
94.1 
6 2  2 
65.1 

227.3 
80.8 
24.0 

228.0 
134.0 

308. I 
134.0 
328.1 

27% 9 
199.9 

53.7 
0.9 

181.6 
194.4 
3026 

325.7 
310.0 
293.3 
260.0 
Pe. 6 
m. 8 
213.0 
328.8 m. 0 

350.3 
n2 9 
216.1 
177.4 

180.0 
0.0 
2 6  

121.0 
295.4 
352.3 
355.4 

327.5 
2 8 2 4  
236.4 
328.7 
33.3 

207. I 
33.3 
56.9 

279.7 
199.4 - 

0 

157.6 
2 4  

184.4 
30.4 

m. 6 
43. 1 

244.7 
86.2 

129.4 
172 5 

244.5 
85.8 
44.1 

133.8 

349,6 
245.5 
88.8 

178.1 

180.0 
0.0 
1.9 

19. 3 
88.3 

216.9 
247.9 

45.6 
83.8 

387.6 
43.1 
518.9 

134.8 
116.9 
158.6 

!Bo. 4 
m. 9 
- 

- - 
1966 - 

0 

u8.4 
3. E 

186. f 
230.4 
147.6 

144.2 
216.3 
aa.4 
72.0 

216.8 

256.8 
9.5 

143.1 
39.0 

349.8 w. 8 
8.4 

177.8 

180.0 
0.0 
2 2  

290.9 
alo. 1 
177.5 
176.4 

118.0 
284.6 
41.0 

144.2 
215.8 

38.0 
115.8 
247.4 

go. 2 m. 4 
- 

- - 
1867 - 

0 

340. ( 
5. f 

190. E 
26. f 
40.4 

245. ! 
188.2 
130. E 
16.4 

281. s 
269.4 
293.4 
241.6 
306.1 

350.0 
265.5 
288.4 
177.6 

180.0 
0.0 
2 4  

132 1 
108.2 
104.4 

251. I 
125.3 
154.8 
245.5 
114.5 

m. 3 
114.5 
336.1 

180.0 
199.9 

mz 7 

- 

- - 
1903 - 

0 

71.5 
7. I 

195.4 
215. 
302, 

.w. I 
180.3 
333. E 
310.7 
307. f 

282.1 
217.3 

214.3 

350.3 
215.0 
210.2 
177.3 

180.0 
0.0 
2 7  

114.7 
334.3 a. 1 
32 0 

354.7 
328.0 
289.0 
3118.9 
13. 1 

207.2 
13. 1 
64.8 

279.7 

m. a 

199. 4 

- - 
1969 - 
178.0 

202 4 

237.8 

88.0 
128.0 Q 
191.9 

11.2 t4 
57.9 ki 

178.1 

13.6 8 
.27. 8 
M4 z 
82.9 2 
75.1 0 
16.8 k! 
121.4 

38.9 m 
96.0 
B(L6 

80.6 
01.0 &) 

0 
(0 



Table 15.-Equilibrium argument ( Vo+ u) for meridian of Greenioich at beginning o f  each calendar #ear, 1850 to 2000-Con. - - 
lW0 - 

0 

270. 0 
13.4 m. 2 

262.8 
155.2 

185.4 
68.1 

330.9 
136.3 
301.7 

270. I 
14.8 

150.7 
58.7 

349.8 
255.4 

Q 1  

160.0 
0.0 
2 2  

285.6 
59110 
225.3 

178 9 
317.4 
75.6 

165.4 
194.6 

44.0 
r e c 6  
255.3 

280.2 
m 5  

in. 8 

aa 6 

- - 
1971 - 
1.8 

15.5 
211.5 
60.3 
48.6 

286.8 
40.2 

173.6 
80.4 

347. 1 

282.7 
m 7  
249.0 
326.4 

350.0 m. 0 
281.0 
177.6 

180.0 

2 4  

197.4 
172 1 
156.1 
138.4 

2823 
IS. 1 
169.5 
286.8 
93.2 

308.7 
93.2 

344.0 

280.0 
200.0 

ao 

- - 
1972 

- - 
1974 

- - 
1975 - 

0 

14.3 
18.2 

215.8 
99.0 
51.8 

285.8 
248.6 
211.5 
137.2 
63.0 

293.8 
301.8 
263.5 
321.1 

350.0 
271.5 
279.5 
177. 5 

180.0 
0.0 
2.5 

189.8 
209.7 

179.4 

304.0 
193.3 
219.5 
2858 
74.2 

298.8 
74.2 

352.0 

280.0 
200.0 

mi. 7 

- - 
1976 

- - 
1979 

- - 
1882 
- 
276.5 

1.5 
183.1 
313.4 
87.9 

218.4 
327.6 
76.7 

295. 1 
153.4 

299.2 

221.1 
313.6 

349.7 
301.9 
2 2 7  

177.7 

180.0 
0.0 
2.3 

258.8 
78.8 
358.0 

0.7 

219.8 
75. 3 

157.5 
218.4 
141.6 

S16.2 
141.6 
279.2 

280.3 
200.6 

m. o 

93.1 
17.1 

214.8 
245.2 
301.8 

8.0 
11.9 
IS. 9 
23.9 
31.8 

285.2 
2 2 2 4  
347.8 
232 6 

350.2 
n 5 .  0 
2Q22 
177. S 

180.0 
0.0 
2 7  

109.1 
14.0 
86.8 
53.6 

25.1 
358.8 
3m. 2 

8.0 
352 0 

212 4 
352 0 
7 2  8 

m. 8 
199.5 

0 

197.4 
19.0 

218.4 
81.8 

231.9 

84.5  
306.8 
189.1 
253.6 
338.2 

270.0 
95.4 
61.7 

183.9 

349.5 
247.2 
72  6 

178.0 

180.0 
0.0 
2.0 

7.6 
167.0 
341.5 
318.7 

103.6 
150.0 
354.5 
84.5 

275.5 

141.1 w. 5 
174.6 

m5 
PI. 0 

236.6 
19.2 

218.2 
2824 
158.7 

185.3 

10.5 
195.8 
21.0 

282. 0 
18.7 

I62 0 
64.6 

349.7 
258.7 
z55.4 
177.8 

180.0 
0.0 
2 2  

m. 8 
8.4 

271.7 
248.4 

201.4 
351.4 
107.2 
185.3 
174.7 

41.3 
174.7 
a 3  

28Q3 
loo5 

m. 9 

- 

100.2 
16.2 

211.5 
276.4 
302.5 

28.0 
219.0 
52  1 
78.1 
1M. 1 

305.3 
224.6 

6.5 
212.6 

350.2 
285.8 
205. I 
177.3 

180.0 
0.0 
2. 7 

100.6 
50. 7 

131.4 
111.9 

42.2 
35.9 

331.3 
26.0 
334.0 

1%. 0 
334.0 
80.7 

279.8 
199.6 

198.8 
14. 1 

M7.6 
99.7 

198.6 

101.8 
152 7 
203.6 
305.3 

47.1 

m. 3 
88.8 
85.7 

126.5 

349.5 
263.2 
80.7 

178.0 

180. 0 
0.0 
2 0  

358.2 
2028 
25.3 
9.2 

115.9 
189.4 
21.1 

101.8 
258.2 

110.4 
258.2 
182 5 

280.6 
201. 1 

0 

281.8 
10.5 m. 9 

297.9 
135. 7 

122.7 
43.7 

245.5 
87.3 

290.6 
19.4 

191.3 
9.8 

349.7 
280.1 

8.8 
177.7 

180.0 
0.0 
2 3  

288.8 
43.6 

314.9 
304.3 

212.3 
33.2 

132 4 

158.2 

-359.3 
158.2 
271.2 

280.3 
200.6 

mi. 8 

mi. 8 

4.0 
C. 8 

194.2 
130.9 
41.8 

301.9 
9 2  8 

243.8 
1%. 7 
127.5 

301.9 
3020 
% 9  
253.0 

349.9 
287.0 
297.0 
177.5 

180.0 
0.0 
2 5  

179.4 
244.4 
244.4 
239.4 

308.7 
237.0 
243.8 
301.9 
58.1 

248.0 
58. I 

!BO.l 
m1 

ao 

0 

88.1 
3.7 

188.2 
310.2 
291. 5 

42 0 
63.0 
84.0 

168.0 

313.3 
224.7 
41.6 

139.2 

350.2 
3129 
224.3 m. 2 

180.0 
0.0 
2 8  

Bo. 0 
85.3 

174.0 
1T3.0 

4s. 7 
80.4 

-3 
4 2  0 

138 8 
318.0 
a 7  

m. 8 
19n. 6 

im. o 

3 i a  o 

188.9 
2 5  

185.6 
116.6 
170.8 

117.9 
356.8 
235.8 
353.7 
111.6 

287.4 
97.0 

119.4 
Si. 6 

349.4 
288.0 
98.5 

178.0 

180.0 
0.0 
2 0  

347.8 
237.6 
68.0 
69.6 

12Q. 4 
233.3 
45.3 

117.9 
242 1 

59.0 
242 1 
IWL 5 

a n 8  
2oL 1 

0 

5.6 
1. 5 

182.6 
159.2 
30.0 

319.1 
288.6 
278.1 
237. 2 
196.2 

311.2 
303.2 
321.4 
213.9 

349.9 
313.5 
305.6 
1 7 . 4  

180.0 

2 6  

170.0 
280.2 m. 2 
280.5 

320.5 
276.6 
242 2 
319.1 
40.9 

216.2 
40.9 
7.9 

280.1 
200. 2 

ao 

95. 8 
2 4  

184.2 
350.3 
291.6 

60.0 
270.0 

180.0 
240.0 

323.4 
226.7 
60.8 

117.6 

350.2 
324.2 m. 5 
177.2 

180. 0 
0.0 
2 8  

81.4 
121.9 
218.6 
219.4 

62 4 
117.6 
23.4 
60.0 

300.0 

118.4 
300.0 
96.6 

279.8 
199.7 

im. o 

0 

201.0 
4.9 

189.3 
135.8 
171.7 

136.8 
205.2 
273.6 
50.3 

187.1 

298.4 
loo. 0 
134.2 
51.0 

349.4 
295.8 
07.4 

177.9 

180.0 
0.0 
21 

340.0 

113.5 
110.9 

141.7 
268.6 
75.1 

136.8 
223.2 

48.4 
223.2 
188. 4 

280.6 

275.1 

mi. 2 

0 

292.7 
6.9 

193.5 
334.5 
82.0 

238.1 

116.2 
354.3 

311.0 
23.8 

232. 6 
318.5 

349.6 
305.4 
18.3 

177.7 

180.0 
0.0 
2.3 

251.9 
117.2 
44.3 
38.8 

245.0 
109.3 

238.1 
121.9 

313.0 
121.9 
287. 1 

280.4 
200. 7 

177. 2 

232.4 

im. 1 

24.7 
9.2 

198.3 
188.0 
31.2 

339.6 
149.3 
319.1 
298.7 
278.2 

323.7 
307.8 
330.7 
m. 0 

349.9 
314.8 
299.0 
177.4 

1 p .  0 
0.0 
2 6  

163.9 
319.4 
335.2 
326.4 

318.8 
309.9 
333.2 
339.6 
20.4 

218. 1 

15.9 

280.1 
200.2 

20. 4 

116.8 
11.6 

203.3 
25.5 

209.1 

81.0 
121.6 
162.1 
243. 1 
324.1 

336.4 
231.9 
08.8 

135.6 

350.1 
324.2 
219.6 
177.2 

180.0 
0.0 
2.8 

75.9 
161.6 
266.2 w. 0 

926 
150. 5 
57.5 
81.0 

279. 0 

123.4 

101.6 

ne. 9 
193.8 

ne. n 

0 

2228 
14.8 

210.0 
166.0 
179.8 

158.1 
57.1 

316.2 
114.2 
272 3 

311.7 
105.3 
141.6 
71.2 

349.4 
295.3 
88.9 

177.9 

180.0 
0.0 
2.1 

R34.8 
315.0 
161.4 
145.0 

In. 8 
301.4 
109.8 
158.1 
201.9 

5c8 

m 4  

280.6 
201.3 

mi. 9 



Table lS.-Equilibrium argument (Vo+u) for meridian of Greenwich at beginning of each caZendar year, 1850 to  tOOO--Con. 

237.9 

2l8.5 
205.8 
1841 

ZW4 
3552 
1728 
350.3 

323.3 
lLR7.9 
1MO 
73.2 

349.3 
299.7 
85,4 

177.8 

19.4 

i n . 6  

314.4 
18.7 

213.9 
2 2  

85.9 

259.4 
29.1 

158. 7 
58.1 

317.5 

324.3 

240.1 
338.4 

349.6 
3IX.O 

9.9 

180. 0 
0.0 
2 4  

248.6 
157.1 
922 
7 2 9  

142 1 
2 p 6  m. 4 
100. 6 

319.2 
100.8 
295.1 

a 4  
Po. 8 

28. 2 

in. 6 

ma o 

325.0 

215.4 
3 a 4  
79.3 

237.0 
1 M O  
1140 
31.9 

334.9 
31.9 

258.1 
327.7 

349.6 
313.0 
10.0 

177.6 

iao 

mo 

- - 
1991 
-- 

0 

45.2 
18.0 

216.6 
2124 
33.5 

0.5 
0.7 
0.9 
1.4 
L 9  

338.7 
3128 
338.0 
243.8 

349.8 
315.2 
281.4 

180.0 
0.0 
2 6  

158.2 
35IL9 
P 7  
1.3 

342 9 
337.1 

0.6 
359.6 

22x4 
359.6 
23.8 

m. 2 
m 3  

i n .  4 

la 5 

180.0 
0.0 
2 2  

327.7 
353.2 
107.6 
183.9 

1992 

135:2 
i a  7 

217.6 
49.0 
305.0 

101.3 
332 0 
207.7 
304.0 
45.3 

m3.3 
7 8 7  

146.6 

350.1 
328.1 

177.1 

180.0 
0.0 
2 9  

89.6 
m 5  
313.1 m. 4 

184- 0 
90.1 

101.3 
25g7 

1% 0 
m 7  
112 8 

m. 9 
188.8 

348 8 

nz 6 

im. o 

mo 
0.0 
2 4  

238.6 
194.3 
137.4 
115.4 

-- 
I: I '". 

1QI.o 
335.8 
l a 8  
177.6 
1824 

298.0 
177.9 
2529 
Z I S O  
8 2 0  

1995 

0 

60.2 
15.6 

210.3 
229.4 

4 9  

107.3 
36.4 
54.6 
7 2  8 

346.4 
314.6 
359.7 
2l7.2 

349.8 
327.9 
m 2  
177.3 

m. 0 c. 0 
2 7  

149.4 
35.3 
67.0 
48.6 

33.8 
2Q8 
4.6 

18.2 
341.8 

198.8 
341.8 
31.8 

280.2 
200.4 

ia 2 

134.0 
1 2  2 

204.0 
66.7 

283.5 

118.3 
177.4 
236.6 
354.9 
113.2 

357.8 
237.3 
104.8 
102 3 

350.1 
344.3 
zz1.8 

180.0 
0.0 
2 8  

236.1 
356.6 
343. 1 

130.5 
Z U I  
116.1 
118.3 
241.7 

8 8 8  
241.1 
1% 8 

m. 8 
198. Q 

i n .  1 

80. a 

- - 
1997 - 
231. I 

9.5 
199.2 
242 7 
176.9 

194.0 
110.9 
27.9 

221.9 
55.8 

331.7 
109.4 
185.2 
1 2  5 

349.3 
322.9 
100.8 
177.8 

180.0 
0.0 
2 2  

317.5 
28.2 

w). 4 
241.6 

m. 4 
IS. 4 

165.6 
194.0 
166.0 

3.7 
166.0 
222.3 

280.7 
mi .  4 
- 

1998 

322 5 
6.0 

192 7 
59.3 
64.8 

294.0 
81.0 

228.0 
162.1 
06.1 

83.0 
3 2  0 

290.5 
256.5 

349.6 
339.5 
28.5 

177.5 

180.0 
0.0 
2 5  

228.1 
229.0 
180.0 
176.5 

300.0 
222.1 
277.0 
- 0  
66.0 

253.0 
66.0 

311.0 

280.4 
200.9 

__ 
1999 

39.3 
3.2 

187.2 
244.2 
319.9 

34.2 
51.3 
Mi. 4 

102.6 
138.8 

354.5 
314.7 
34.6 

144.4 

349.8 
354.9 
315.2 
177.3 

180.0 
0.0 
2 7  

138.8 
69.9 

109.6 
110.1 

37.4 
65.2 
28.7 
34.2 

325.8 

144.9 
325.8 
39.7 

280.2 
200. 4 

125.8 
1.5 

183.4 
8 . 7  

251.4 

134.5 
21.8 

269.1 
43.6 

178.1 

8.1 
237.6 
137.2 
37.4 

350.0 
8.8 

240.3 
177.0 

180.0 
0.0 
3.0 

49.6 
271.0 
39.4 
42. 1 

136.0 
287.6 
140.6 
134.6 
225.5 

40.1 
225.5 
128.4 

280.0 
200. 0 



Table 16.-Diflerences to  adapt table 15 to beginning of each calendar month 

I Month of yam* 
Constituent 1 Jan. 

0 

0.00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 aoo 

Feh. 

0 

75.57 
30.56 
61.11 
9. 19 

345. 54 
312 09 
324.17 
306.28 
288.35 
252 52 
21fi. 69 
279.16 
234.14 
293.62 
In. 49 
329.44 

203.59 
30.56 
0.00 

329. 44 
314.88 
288.35 
333.36 
302 81 
354.73 
257.79 
243.33 
324.17 
35.83 
98.94 
35.83 
45.02 
30. 56 
61.11 

248 60 

Mar. 

D 

108.99 
58.15 

116.31 
5 2  33 
7.32 
0.7.5 
1.49 
2 24 
2. €8 
4.48 
5.97 

310.66 
259. s2 
303.34 
172.97 
301.85 
252.50 
201.67 
58.15 
0.00 

301.85 
309.16 

2.98 
53.82 

355.66 
59.64 
304. 8 
312 15 

1.49 
358.51 
114.62 
353.51 
50.84 
58.15 

116.31 

Apr. I May 

0 

184.56 
88.71 

177.42 
61.54 

352 86 
342.8  
325.66 
308.50 
291.33 
257. lm m. 6E 
229.82 
133.97 
236.96 
300.46 
271. 29 
141. 11 
45.26 
88.71 
0.00 

271.29 
264.15 
291.33 
27.18 

298.47 
54.37 

195.48 
325.66 
34.34 

211.75 
34.34 
95.85 
88.71 

177.42 

202 62 

246.08 

236.56 
82 02 
350.48 
337.11 
314.22 
291.33 
268.44 
22266 
376.88 
186.42 
58.62 

195.94 
40.61 

241.72 
68.14 

300. 34 
11% 28 

0.00 
241.72 

268.44 
36.24 m. 96 
72.50 

150.16 
140. 64 
314.22 
45.78 

282 34 
45.78 

127.80 

238.56 

i 1 a B  

232. m 

iia 28 

June 

0 

321.65 
148.83 
297. M 
91.21 

336.02 

278.39 
237.59 
196.79 
115. 18 
33.58 

105.5s 
292 77 
129.56 
I@. 10 
211.17 
316.75 
143.93 
14% 83 

0.00 
211.17 
187.19 
1% 79 

9.60 a. 77 
67.23 
47.96 
23.97 

278.39 
81.61 
19. n 
81.61 

172 81 
148.83 
297.66 

319. m 

e 

23.17 
178.40 
356.80 
111.71 
333.64 
313.47 
268.95 ao. 42 
173. QO 
80.85 

347.80 
62 18 

217.42 
a55 
!&a26 
181. Go 
243.78 
39.02 

178.40 
0.00 

181. 60 
155.24 
173.90 
18.66 
200.26 
85.35 
355.50 
329.13 
268.95 
93.05 
89.86 
93.05 

204.76 
178. 40 
356.80 

Aug. I Sept. 

0 

08.74 
208.88 
57.91 

120.90 
319. 18 
295.56 
231.12 
l(i6.68 
102 24 
333.37 
204.49 
341.34 
91. Si 
22 16 
35.75 

151. M 
132.39 
242.61 
m.9fi  

0.00 
151. 04 
110.22 
102 24 
352 02 
143.07 
80.08 

253.29 
212 47 
231.12 
128.88 
186.79 
128.89 
249.78 
208.96 
57.91 

0 

174.31 
239.51 
119.02 
130.09 
W. i 2  
277.65 
195.30 
112.04 
30.59 

226.89 
61.18 
260.60 
325.71 
315.78 
163.24 
120.49 

86.20 
239.51 

0.00 

65.21 
30.59 

325.38 
85.87 
74.81 

151. Os 
95.80 

195.30 
164.70 
283.73 
184.70 
294.79 
239.51 
119.02 

m. 99 

im. 49 

Oct. 
--- 

0 

235.82 
269.08 
178.16 
150.59 
302.34 
z1 .93  
183. $5 
95.78 
7.70 

191.55 
15.40 

217.11 
250.36 

263.39 
90.82 

308.03 
311.28 
'X9.08 

0. 00 
90.92 
33.26 
7. 70 

334.44 
65.36 
92.93 
98.62 
40.96 

183.85 
176.15 
354. a1 
176.15 
326.74 
269. os 

n4.77 

178 16 

Nov. 

0 

311.38 
299.64 
239. n 
159.78 
287.88 
254.01 
145.02 
4204 

296.05 
84. w 

23210 
136.21 
124.51 
m:3S 
30.89 
60.38 

1%. 63 
184.87 m. 61 

0.00 
60.36 

348.24 
288.05 
307.81 
L 17 

87.66 
356.41 
284.29 
148.02 
211.98 
91.25 

211.88 
11.76 

299.64 
239.2; 

Dec. 

0 

1 2  91 
329.21 
298 41 
180.29 
2%. 50 

136.58 
24.87 

273.16 
49.74 

1%. 32 
92.87 
49.16 

167.37 
131.04 
30.79 

123.67 
79.96 

329.21 
0.00 

30.79 
316.29 
2i3.16 
316.87 
347.66 
105.79 
303.95 
228.45 
136.58 
223.42 
161.83 
22J. 42 
43.71 

329.21 
298.41 

Ha 29 

*This table was designed for direct USB for common y m .  For a leap year the values riven for the months of March to December, inclusive, apply to the last day of the pre- 

he first line for anstituent MI  gives the diUerence as based upon the formula in table 2; the second line gwes the diflerences as derived from the hslf speed of constituent Mt. 
ceding month. hut may he used duectly, provided an al!owance is made in the day of month as indicated in the.roUowing table. 

Y The diaerencss for constituents SI, 51, S4, Sa. etc., are each zero for every month. 



Table 1?.-Diferences to atiapt table 15 to beginning of each dag of month 

I 

Constltuent 
1 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0. 00 
0.00 
0.00 
0.00 
0. 00 

0.00 

0. 00 
0. 00 
0.00 

0. 00 

0.00 

0.00 

2 
- 

14.05 

1.97 
348.68 
347.92 
347.81 
335.62 
323.43 
311.24 
288.86 

322 55 
309.49 
u63 
27.34 

321.57 
308.50 

0.00 
-0.99 
346.93 
311.24 
324.30 
323.32 
336. 00 
310.25 
298.17 
335.62 
24.38 

24.38 
13.07 
0.99 
1.87 

u. m 

282 47 

-0. m 

0. m 

m. 35 

- 

2% 10 
1.97 

a37.37 
335.84 
335.62 

288.86 
282 47 
213.71 
164. 95 
286. u 
258. 98 
308. 27 
54.68 

-1.97 
283.14 
257.01 

1.87 
0. 00 

-1.87 
333.87 

288.00 
288.63 
313.21 
280. '50 
236.34 
311.24 
(8.76 
52 71 
48.70 

1.87 
3.94 

a. 94 

311. m 

282 47 

m. 13 

42 15 
296 
5.91 

328.05 
323.70 
323. 43 
286.86 
pa28 
213. ?l 
140.57 
67.42 

247.66 
2QsU 
!B3.90 
8202 

244.70 m. n 
0.00 

-2 96 

213.71 
252 91 
249.95 
289.81 
210.75 
174.52 
mi. 86 
73.14 
79.06 
73.14 

296 
5.91 

-2 m 

296 

320.80 

39. m 

5 
-- 

56. m 
3.94 
7.88 

314.73 
Sll .  68 
311.24 
282 47 
213.71 
164.95 
67.42 
m. 90 no. 21 
151.95 
258.53 
109.35 
-3.94 
pa. 27 
154.01 

3.94 
.O. m 

-3.94 am. 74 
164. 95 
217.21 
213.27 
268.42 
161.00 
112 69 
282 47 
87.53 

105.41 
97.53 
62  28 
3.94 
7.88 

6 

0 

m.25 
4.93 
9.86 

303.42 
28660 
299.05 
238.00 
177.14 
118.18 
354.28 
282.37 
172 TI 
107.44 
233.10 
136.89 
-4.93 
167.84 
1M 51 

1.93 
.D. 00 

-4.93 
294.68 
116.18 
181.51 
176. 58 
243.02 
111.26 
50.86 

238.09 
121.91 
131.76 
121.91 
65.32 
4.93 
9.86 

0 

a4.W 
5.91 

11.83 
292 10 

286.86 
213.71 
140.57 
67.42 

281.13 
134.84 

E8.m 
207.80 
164. 03 
-5.91 
129.4.l 
51.02 
6.91 
0.00 

-6.91 
281.61 
67.42 

14B'Bl 
139.90 
219.62 
91.51 

349.03 
213.71 
146.29 
158.12 
146.29 
78 39 
5.91 

11. E3 

287.52 

135. a i  

0 

gs. 35 
6. fRl 

13.80 
280.78 
215.44 

189.33 

18.60 
201.90 
37.32 
97.88 
6.42 

I82 43 
191.37 
-6.90 
90.98 

359.52 
6.90 
0.00 

-6. Bo 
288. 54 

l l Q l 1  
103.21 
190.23 
11.76 

189.33 
170.67 
1%. 47 
170.67 
61.46 
0.90 

13.80 

274 86 

103. m 

la. 66 

287. m 

112 41 
7. a9 

15.77 
289.47 
263.37 
26247 
164. $5 
07.42 

134.84 
229.79 
60.43 

315.91 
157.06 
218.71 
-7. BB 
52 54 

308.02 
7.88 
0. OD 

-7.88 
255.48 
329. ge 
74.42 
66.53 
172. lo 
322.01 
225.38 
164.95 
195.05 
210.82 
1 9 5 . 0  
104.52 

7.88 
15.77 

329. m 

10 

0 

128.46 
8.87 

17.74 
258.15 
251.28 
250.28 

30.85 
281.13 
61.70 
202.27 
22.98 
265.40 
131.70 
246.05 
-8.87 
14.11 
258.63 

8.87 
0.00 

-8.87 
242.42 

38.72 
2885 

149. U 

163.55 
140.57 
219.43 
237.18 
219.43 
117.58 

8.87 
17.74 

140.57 

ai aa 

272 m 

11 

0 

140.51 
9.86 

19.71 
246.84 
23% !a 
238. OB 
llB I8 
35428 a2 n 
348.56 
104.74 
345.54 
214 89 
106.33 
273.38 
-0. Ea 
335.68 
205. 03 

B. 88 
0. a, 

-9.86 
229.35 
232 37 

3.02 

221 51 
101. n 
116.18 m. 82 
263.53 
243.82 
130.65 
9.88 

19.71 

a=. 16 
im. LU 

*The table fs adapted directly for I~SB with common years, but if the required date. IaIls between Mar. 1 and Dec. 31, inclnsive, in a leap year tbe day of month should be inmeased 

?The first line for constituent MI vea the dhTerencea as based upon the formula in  table 2 the second line gives the differences 83 derived from the half speed of constituent M1. 
:The differences for constituents g, &, 84, &, etc., are each zero for tbe beginning of everf dag. 

by one before entmfng the table. 



Table 17.-Differences to  adapt table 15 to  beginning of each day of month-Continued 

I Day of month. 

182.66 
1281 
25.63 

20287 

43.04 
24.m 
88.08 

129.12 
17216 
zJ3.20 
63.35 
30.23 

355.40 
-1281 
m.38 
50.54 
1281 

-1281 
190.16 
86.08 

255.93 
243.11 
55.85 
73.27 

276.24 
43.04 

316.96 
34259 
316.96 
18.84 
1281 
25.63 

21288 

m1.52 

am 

Constituent 

0 

186.71 
13.80 
27.60 

190.88 

18.66 
207.69 
37.32 
55.98 
74.64 

195.75 
12% 
4.86 

2 2 7 4  
-13.80 
181.95 
359.04 
13.80 

-13.80 
177.03 
37.32 
220.23 
208.4 
3246 
23.52 

214.41 
18.68 

341.34 
8.94 

341.34 
18291 
13.80 
27.60 

m1.57 

189.33 

0.00 

112 
JI.- . . - -  ........................................................ 
KI ............................................................. 
Kl............ ................................................. 
b- ............................................................ 
Mtt ............................................................ 
MI. ........................................................... 
MY ............................................................. 
My--. .......................................................... 
Md ............................................................. 
Mc ............................................................. 
MI ............................................................. 
Nt ............................................................. 
2N ............................................................. 
0 .............................................................. 
00 ............................................................ 
PI ............................................................. 
QI. ........................................................... 
24. ............................................................ 
Ry. ............................................................. 
s1 ............................................................ 
Ti--  ........................................................... 
............................................................... 
pt .............................................................. 
I )  .............................................................. 
.............................................................. 
I K ....... I ................................................... 
2MK.. ........................................................ 
MN. .......................................................... 
MS. ........................................................... 
S M  ........................................................... 
MI. ............................................................ 
MSL .......................................................... 
Mm. .......................................................... 
Sa. ............................................................ 
sss... ........................... 1 ............................. 

e 

154.56 

21.65 
235.52 
m . 1 3  
225. 90 
91.80 

317.70 
183.61 
275.41 

7.81 
308.03 
164.37 
80.86 

300.72 

297.25 
153.53 
10. 84 

216.28 
183.61 
327.38 
316. 48 
102 65 
172.76 
39.89 
91.80 
268.s 
289.88 

143.72 
10.84 
21.65 

la 84 

-ia 84 

0.00 
-la IM 

268. m 

I3 

0 

168.61 
11.83 
23.66 

215.05 
213.71 
67.42 

281.13 
134.84 
m27 
269.69 
270.64 
113.86 
55.59 

328.06 
-11.83 
258.81 
lo2 03 
11.83 
0.00 

-11.83 
208.22 
134. 84 
291.62 m. 80 
79.25 

123. 02 
336.06 
67.42 

292 58 
316.23 
292.58 
la. 78 
11.83 
23.66 

224.20 

I6 

0 

210.76 
14.75 
29.57 

190.25 
178.81 
177.14 
354.28 
171.42 
348.56 
342 83 
337.11 
158.30 
322 3.. 
339.49 
50. 08 

-14.78 
143.52 
307.54 

14.78 
0.00 

-14.78 
164.02 
348.56 
184.53 
169.75 

9.06 

152.58 

5. i 2  
35.29 
5.72 

195.98 
14.78 
29.57 

333. n 
m. 28 

17 

e 

224.81 
15.77 
31.54 

178.04 
166.73 
164.95 
329. 90 
134. E4 
299.79 
269.6a 
238.58 

271.82 
314.13 
77.42 

-15. 77 
105.08 
256.05 

15.77 
0.00 

-15.77 

m. 79 
148.83 
13.3.06 
345.67 
ax 02 
90.75 

329.90 
30.10 
61.H 
30.10 

209.04 
IS. 77 
31.54 

im. 86 

150. m 

0 

238.86 
16. 76 
33.51 

167.62 
154.65 
152.76 
305.52 
88. 27 

251.03 
196.54 
1 4 2  06 
83.41 

221.30 
288.76 
104.75 

-16.76 
66.65 

204.55 
16.76 
0.00 

-16.76 
137.90 
251.03 
113.13 

322 27 
234. 27 
28.92 

305.52 
54.48 
88.00 
54.48 

222.10 
16.76 
33.51 

m. 38 

252 91 
17.74 
35.48 

156.30 
1 4 2  57 
140.57 
281.13 
61. io  

123.40 
44. .u 
45.98 

170. 79 
m3.m 
132 08 

-17.74 
2sz 

1s. 05 
17.74 
0.00 

-17.74 
124.83 
202.27 
77.44 
19.69 
298.88 
184.52 
327.10 
281.13 
78.87 

114.35 
78. E7 

m. I7 
17.74 
35.48 

#nn 

0 

266. 98 

37.46 
144.99 

128.38 
258.75 
25.13 

13. 50 
50.26 

307.01 

1M 28 
238.02 
159.43 

-18.73 
349.79 
101.55 
18.73 
0.00 

-18.73 
111.76 
153. .w 
41.74 
23. 01 

275.48 
134.78 

256.75 
103.25 
140.70 
103.25 
248 24 

37.46 

la 73 

130.49 

a s2 

m. n 

18. n 

21 

0 

281.01 
19.71 
39.43 

133.67 
118. 41 
116.19 
232.37 
348.56 
104.74 
337.11 
209.48 
311. 07 

212 66 
186.77 

-19.71 
311.36 
50.06 
19.71 
0.00 

-19.71 
88.70 

104.74 
6.04 

346.33 
252. 08 
85. 03 m. 44 

232 37 In. 63 
167.06 
127.63 
261.30 
19.71 
39.43 

OB. n 

22 

0 

295.06 
#). i o  
41.40 

122 35 
106.33 
103. 99 
207.99 
311.88 
55.98 

263.97 
111.95 
293.62 
19.26 

187.29 
214.11 

272 92 
358.56 

0.00 

85.64 
55.98 

330.34 
308.64 m. 69 
35.28 

141.61 
207.69 
152 01 
193.41 
I52  01 
274.36 

41.40 

-m. 70 

m. 70 

-m. 70 

m. 70 

*The table Is adapted directly for wa with common years, but if the requhd date falls between Mar. 1 and Dec. 31, Inclusive. in a leap year the day of month should be fn- 

tThe Rrst line for constituentMt gives the differences as based upon the formula in table 2; the m n d  line gives the differenms BS derived from the half speed of constituent MY. 
tThe differences for mnstituents SI, Si, Sa. 6* etc., rue each zero for the beginning of every day. 

creased by one before entenng the table. 



Table 17.-Differences to adapt table 15 to beginning of each day of month-Continued 

Day of month. I 
- 

351.27 
24.64 
49.28 
77.08 
58.02 
65.23 
110.46 
165.69 
220.82 
331.39 
81.85 
143.84 
177.21 
85.82 
323.46 
-24.64 
119.20 
15257 
24.64 
0.00 

-24.64 
33.38 

220.92 
181.55 
16291 
135.10 
186.28 
254.30 
110.46 
249.64 
29882 
249.54 
326.62 
24.64 
49.28 

Constituent 

5.32 
25.63 
51.25 
65.77 
45.94 
43.04 
86.08 
129.12 
17216 
258.24 
344.32 
106.39 
126.70 
60.45 
350.80 
-25.63 
80.76 
101.07 
25.63 
0.00 

-25.53 
20.31 
172.16 
151.85 
126.22 
111.71 
146.54 
19247 
86.08 

273.82 
325.17 
273.92 
339.69 
25.63 
61.25 

24 

0 

323.16 
22 07 
45.34 
99.72 
82 18 
79.61 
159.23 
238.84 
318.45 
117. 68 
276. 80 
218.73 
278.24 
130.56 
268.78 
-22. 67 
196.06 
255.57 
22. 07 
0.00 

-22.67 
59.50 
318.45 
258.95 
236.28 
181. w) 
295.78 
17.96 
159.23 
200.77 
246.11 
200.77 
300.50 

22.07 
45.34 

2.5 

0 

337.a 
23.66 
47.31 
88.40 
70.10 
67.42 
134.84 
202.27 
269.69 
44.53 
179.38 
181.28 m. 72 
111.19 
296.12 
-23.66 
157.63 
2w. 07 
23.66 
0.00 

-23.66 
46.44 
269.69 
223.25 
199.59 
158.50 
246.03 
316.13 
134.84 
225. I6 
272.47 
W. 16 
313.56 
23.66 
47.31 

-- : I :  28 

0 

19.37 
28.61 
53.22 
54.45 
33.86 
30.85 
61.70 
92.55 
123.40 
185.10 
246.80 
68.94 
76.19 
35.09 
18.14 

-26.61 
42 33 
49.58 
26.61 
0.00 

7.24 
123.40 
116.15 
89.54 
88. 31 
96.79 
130.64 
61.70 
298.30 
351.52 
298.30 
352.76 
26.61 
53.22 

-26. 01 

29 

0 

33.42 
27.60 

43.14 
21.78 
18.66 
37.32 
55.98 
74.64 
111.95 
149.27 
31.50 
25.68 
9.72 
45.48 

-27.60 
3. 80 

358.03 
n. 60 
0.00 

-27.60 
354. I8 
74.64 
80.46 
52 86 
64.92 
47.04 
68.82 
37.32 
322.68 
17.88 
322 68 
5.82 
27.60 

55. 20 

65. m 

30 - 
47.47 
28.58 
57.17 
31.82 
9.70 
6.47 
12.94 
19.40 
25.87 
38.81 
51.75 

354.05 
335.17 
344.35 
72.81 

-28. 58 
325. 47 
306.58 
28.58 
0.00 

-28. 58 
341.12 
25. R7 
44.76 
16.17 
41.52 
357.29 
6.99 

12 94 
347.06 
a23 
347. 08 
18.88 
28.58 
57.17 

31 

61.52 
29.57 
59.14 
20.50 
357.62 
354.28 
348.56 
342.83 
317.11 
325.66 
314.22 
316.60 
284.66 
318.99 
100.15 
-29.57 
287.04 
255.09 
29.57 
0.00 

- 29.57 
328.05 
337.11 
9.08 

339.49 
18.12 
307. .41 
305.16 
348.58 
11.44 
io. 58 
11.44 
31.95 
29.57 
59.14 

3i 

75.57 
30.56 
GI. 11 
9. 19 

345.54 
342.09 
324.17 

288.35 
252.52 
216.60 
279. I5 
234.15 
293.62 
127. 49 
-30.56 
248.60 
203.58 
30. 56 
0.00 

-30.56 
314.98 
288 35 
333.36 
302.81 
354.73 
257.79 
243.33 
324.17 
35.83 
96.64 
35.83 
45.02 
30.56 
61.11 

306. m 

*The table is adapted directly for use with common years but if the reqnired date falls between Mar. 1 and Dec. 31. inclusive, in a leap year the day of month should be inrreaqed 
tThe 5 e t  line for constituent MI VBS the diEerencas as based npon the formula in Table 2; the sewnd line gives the difIerences aa derived from the half speed of constituent MI. 
$The differences for constituents $, €39, Sd, Sa, etc., are each m o  for the beginning of every day. 

hy one before entering the table. 



Table 18.-DiRerences to adapt table 15 to beginning of each hour of day 
- -- 

Constituent 

0 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1 

15.59 
15. 04 
30.08 
29.53 
14.50 
1 4  49 

43.48 
57.97 
86.95 

115.94 
28.44 
27.90 
13.94 
16.14 
14 64 
13.40 
12  85 
30.04 
15.00 
30.00 
60.00 
90.00 
29.96 
29.46 
27.97 
28.51 
13.47 
44 03 
42.93 
57.42 
68.98 
31.02 

1. 10 
1.02 
0.54 
0.04 
0.08 

28. 98 

2 

31.17 
30.08 
60.16 
59.06 
28. w 
28.98 
57.97 
86.95 

115.04 
173.90 
231.87 
56.88 
55. 7Q 
27.89 
32  28 
29.92 
26.80 
25.71 
60.08 
30. 00 
60.00 

120.00 
180.00 
59.92 
58.91 
55. 94 
57. (13 
26.94 
88.05 
85.85 

114.85 
117.97 
62  (13 
220 
203 
1.09 
0. c@ 
0. I€ 

3 

46.76 
45.12 
90.25 
88.59 
43.49 
43.48 
86.95 

130.43 
173.90 
260.86 
347.81 
85.32 
83.69 
41.83 
48.42 
44.88 

38.56 
90.12 
45.00 
80.00 

180.00 no. 00 
89.88 
88.37 
83.90 
85.54 
40.41 

132.08 
128. i 8  
172 27 
176.95 
93.05 
3.29 
3.05 
1.63 
0. 12 
0.25 

40. m 

4 

e 

62.34 
60.16 

120.33 
118.11 
57.99 
57.97 

115.94 
173. 90 
231.87 
347.81 
103.75 
113.76 
111.68 
55.77 
64.50 
59.84 
63.59 
51.42 

60.00 

240.00 
0.00 

119.84 
117.82 
111.87 
11405 
53.89 

176.10 
17l. il 
229.70 
235. 04 
124.06 

4.39 
4.06 
2 18 
0. 16 
0.33 

im. 16 

1m.m 

Hour of dag 

5 

77.93 
75.21 

150.41 
147.64 
72 48 
72.46 

144.92 
217.38 
289.84 
74.76 

219.68 
142 20 
139.48 
69.72 
80.70 
74.79 
66.99 
64.27 

150.21 
75.00 

150.00 
3w. 00 
90.00 

149. '19 
147.28 
139.84 
142.56 
67.36 

220.13 
214.64 
287.12 
294.92 
155.08 

6.49 
LOB 
2 72 
0.21 
0.41 

6 

0 

93.51 
90. 25 

180.49 
177.17 
86.98 
8G. 95 

173.90 
260.86 
347.81 
161.71 
335.62 
li0.64 
167.37 
83.66 
96.83 
89.75 
80.39 
77.13 

180.25 

180. w 
0. 00 

180.00 
179.75 
176.73 
167.81 
171.08 
80.83 

m 1 5  
257.56 
344.54 
353. Bc 
186. IC 

6. 56 
6. 1C 
3.m 
0 . 2  
0.4s 

90. w 

- 

7 - 8 

121 68 
120.33 
240.66 
236.23 
115.97 
115. 91 
231.87 
347.81 
103.75 
335.62 
207.49 
227.52 
223.10 
111.54 
129.11 
119.67 
107.19 
102 83 
240.33 
120.00 
240.00 

0.00 
239.67 
235.65 
223. 75 
228.10 
107. TI 
343.42 
99.39 

111.87 
248.13 

8.78 
8.13 
4.35 
0.33 
0.66 

im. 00 

352. m 

9 
-- 

140.27 
135.37 
270.74 
265.76 
130.47 
130.43 
260.86 
31.29 

161.71 
62 57 

323.43 
255.96 
251.06 
125.49 
145.25 
134. 63 
120.59 
115.69 
no. 37 
135.00 no. 00 
180.00 
90.00 

269.63 
265.10 
251.71 
256.61 
121.24 
36.23 
26.34 

156.81 
170.86 
279.14 

9.88 
9.14 
4.90 
0.37 
0.74 

10 

155.85 
150.41 
300.82 
295.23 
144.97 
144.92 
2n9.84 
74.76 

219.68 
149.52 
79.36 

284.40 
278.95 
139.43 
161.39 
149.59 
133.99 
128.54 
3M. 41 
150.00 
300. 00 
210.00 
180.00 
299.59 
294.56 
279.68 
285.13 
134.72 
80.25 
69.27 

214.24 
229.84 
310.16 

10.98 
10.16 
5.44 
0.41 
0.82 

11 

171.44 
165.45 
330.90 
324.81 
159.46 
159.41 
318.83 
118.24 
277.65 
236.48 
195.30 
312.84 
306.85 
153.37 
177.53 
164.55 
147.39 
141.40 
&?O. 45 
165.00 
330.00 
300.00 
2iO. 00 
3m. 55 
324.01 
307.65 
313.64 
148.19 
121.28 

271.66 
288.83 
341.17 
12.08 
11.17 
5.w 
0.45 
0.90 

112. m 

tThe first Yine for wmst\tuent Mi gives the ditlerenoes as based upon the formula in table 2; the second line glves the difIerancas as derived horn the hall speed of constituent MI. 



Table 18.--DiNerences t o  adapt fable 15 t o  beginning of each hour of day-Continued 

Constituent 

IT 
JI ................................................... 
Ki .................................................. 
KI- ................................................. 
b.- ................................................. 
Mit ................................................. 
MI .................................................. 
M, .................................................. 
Mt .................................................. 
ML- ................................................ 
Ma .................................................. 
MI .................................................. 
Nz .................................................. 
2N .................................................. 
0 1  ................................................... 
00 .................................................. 
PI ................................................... 
QI ................................................... 
24- ................................................. 
Rt .................................................. 
SI ................................................... 
s, ................................................... sc ................................................... 
ss ................................................... 
TI ................................................... 
X I  ................................................... 
P I  ................................................... 
Y I  .................................................... 
pI ................................................... 
MK ............................................... 
2 M  K ................................................ 
M N  ................................................. 
MS ................................................. 
2SM ................................................ 
MI .................................................. 
MSf ................................................. 
Mm ................................................. 
Sa ................................................... 
sss .................................................. 

0 

187.03 
180 49 
0.99 

354.34 
173.96 
173 . 90 
347.81 
161.71 
335.62 
323.43 
311.24 
341.28 
334.74 
167.32 
193.67 
179.51 
160.78 
154.25 
0.49 

180.00 
0.00 
0.00 
0 . 00 

359.51 
353.47 
335.62 
342 15 
161.66 
168.30 
155.13 
329 . 09 
347.81 
12 19 
13.18 
12.19 
6.53 
0.49 
0.99 

. 

13 

'202.61 
195.53 
31.07 
23.87 
188.46 
188.40 
16 . 79 
205.19 
33.59 
50.38 
67.17 
9.72 
2.64 

181.26 
m!l . 81 
194.47 
174.18 
167.11 
30.53 

185.00 
30.00 
M) . 00 
90 . 00 
29.47 
22 92 
3.59 
10.66 
175.13 
212.33 
198.05 
26.51 
46.79 
43.21 
14.27 
13.21 
7.08 
0.53 
1.07 

14 

218.20 
210.57 
61.15 
53 40 nn . 95 m . 89 
45.78 
248.67 
91.55 
137.33 
187.11 
38.16 
30.53 
195.20 
225.95 
m9 . 43 
187.58 
179.96 
60.57 

210.00 
60.00 

120.00 
180.00 
59.43 
52 38 
31.55 
39.18 

188.80 
256.35 
240 . U8 
83.93 
105.78 
74.22 
15.37 
14.22 
7.62 
0.57 
1.15 

15 _- 
233.78 
225.62 
91.23 
82.93 
217.45 
217.38 
74 . i 6  
292.14 
149.52 
224.28 
299.05 
66 . Go 
58.43 
209.15 
242 09 
224.38 
200.98 
1 x 8 1  
00.62 
225.00 
90.00 
180.00 
270 . 00 
89.38 
81 . 83 
59.52 
67 . tX 

202 . 07 
300.38 
283.91 
141.36 
16I . 76 
105.24 
16.47 
15.24 
8.17 
0 . 62 
1.23 

. 
16 

0 

249.37 
240.66 
121.31 
11246 
231.95 
231.87 
I03 . 75 
335.62 

311.24 
54.98 
95.04 
86 . .33 
223.09 
258.23 
239.34 
214.38 
205.67 

240.00 

240.00 
0.00 

119.34 
111.29 
87.49 
96 . 20 
215.54 
344.40 
328.83 
198.78 
223.75 
136.25 
17.57 
16.25 
8 . 71 
0.66 
1.31 

207.49 

120 . M 
120 . 00 

Hour of day 
. 

17 

264.95 
255.70 
151.40 
141.98 
246.44 
246.36 
132.73 
19.09 
265.46 
38.19 
170.92 
123.48 
114.22 
237.03 
274.36 
W . 30 
218.52 
150.70 
255.00 
150.00 
300.00 
w) . 00 
149.30 
140.75 
115.46 
124.71 
229 . 02 
28.43 
9.76 

256.21 
282 73 
167.27 
18.67 
17 . 27 
9.25 
0.70 
1.40 

m . 78 

18 
.. 

0 

280.54 
270 . 74 
181.48 
171.51 
260.94 
260.86 
161.71 
62 57 
323.43 
125.14 
286.86 
151.92 
142.12 
250.97 
290 . 50 
269.26 
?41.18 
131.38 
180.74 no . 00 
180.00 
0 . 00 

180.00 
179.26 
170.20 
143.43 
153.23 
242.49 
72.45 
52 69 
313.63 
341.71 
198.29 
19.76 
18.29 
9.80 
0.74 
1.48 

19 

286.12 
285.78 
211.56 
201 . M 
275.44 
275.35 
190.70 
106.05 
381.40 
212 09 
42.79 
180.35 
170.01 
264.92 
306.64 
2&1 . 22 
254.57 
244.23 
210.78 
285 . 00 
210.00 
60.00 

270.00 
209 . z 
199.66 
171.40 
181.74 
255.65 
116.48 
95.62 
11.05 
40.70 
228.30 
20.86 
19.30 
10.34 
0.78 
1.56 

. 

20 

311.71 
ROO . 82 
241.84 
230 57 
289.03 
289 . a4 
219.68 
149.62 
79.36 

299.05 
158.73 
208.79 
197.91 
278.86 
322.78 
299.18 
267.97 
257.09 
240.82 
300.00 
240.00 
120.00 

0.00 
239.18 ne . 11 
199.36 
210.25 
269.43 
160.50 
138.54 
68.48 
99.68 
260.32 
21.96 

10.89 
0.82 
1.64 

20 . 32 

-- 

. 
21 

0 

327.29 
315.86 
271.72 
260.10 
304.43 
304.33 
248.67 
193.00 
137.33 
26.00 
274.66 
237.23 
225.80 
292.80 
m7.92 
314.14 
281.37 
269.94 
270 . 86 
315.00 
270 . 00 
180.00 
90.00 
269.14 
258.57 
227.33 
238 . 76 
282.90 
m . 53 
181.47 
125.90 
158.67 
291.33 
23.06 
21.33 
11.43 
0.86 
1.72 

22 

342.88 
330 . 90 
301.81 
289 . 63 
318.93 
318.83 m . 65 
236.48 
195.30 
112.95 
30.60 
265.67 
253 . 70 
306.75 
355 . 06 
329.10 
294.77 
282.79 
300.w 
330.00 
300.00 
240.00 
180.00 
299 . 10 
288.02 
255.30 
267.28 
296.37 
248.55 
224.40 
183.32 
217.65 
322.35 
24.16 
22.35 
11.98 
0 . 90 
1.81 

23 

358.47 
345.94 
331.89 
319.16 
333.42 
333.32 
306.63 
279.95 
253.27 
199 . 90 
146.54 
294.11 
281.59 

11.20 
344.06 
308.17 
295.65 
330.94 
345.00 
330.00 
300.00 

,329.06 
317.48 
283.27 
295.79 
309.84 
292.58 
267.32 
240.75 
276.63 
353.37 
25.25 
23.37 
12.52 
0.94 
1.89 

320.69 

no .00 

tThe 5131 line for constituent MI gives the diflerences as based upon the formula in table 2; the second line gives the differences as derived from the half speed of constitueut Mi . 
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,608 
.809 
,611 

.e14 

.e18 

.E19 

U. S. COAST AXD GEODETIC SURVEY 

.80S 1.124 

.888 1.127 

.870 1.128 

.873 1.132 

.875 1.134 

.878 1.137 

Table IO.-Producte for Form 194 
[Multiplitr:r-sin 15°-0.26B] 

.e22 

.6!& 

.627 

.e20 

,632 
.636 
.637 

--- 
.881 1.140 

,883 1.142 
.886 1.146 
.@&I 1.147 

.SQ1 1.160 

.894 1.153 

.896 1.156 

--2_ 

- I_ 

6 - 
1.295 

1. '298 
1.300 
1.303 

1.305 
1.308 
1.311 

1.313 
1.316 
1.318 

1.321 

I_ 

- 

- - 
8 - 

2.072 

- 
8 

2.331 

2.334 
2.338 
2.339 

- - 
1;: 2: 
12.347 

2.349 
2.352 
2.354 

2.357 

2.369 
2.362 
2.305 

2.367 
2.370 
2. $72 

2.376 
2.378 
2. m 
2. m 
2.m 
2.388 
2.381 

2 303 2' 388 
2: 398 

2.401 
2.404 
2.408 

2.409 

2.411 
2 414 
2.416 

2.418 
2.45 
2.424 

2 427 
2: 428 
2.4@ 

2.435 

2 437 2' 440 
2: 442 

2.445 
2 448 
2: 450 
2.463 
2.466 

2. reo 

-- - 

+ 
1 

+ 
/ 

- 
.- 

2.45 
/ - 

8 - 

I o  2 j q 4  --- 
0.518 I 0.777 1 1.036 

.262 
,264 
,267 

.260 
,272 
,275 

.277 
,280 
.%2 

.% 
- 

1.657 
1.558 
1.562 

1. Mi4 
1.5u7 
1.570 

1.572 
1. G76 
1.677 

1.816 
1.818 
1.821 

1.823 
1.826 
1.82U 

1.831 
1. a4 
1.836 

2.076 
2.077 
2.080 

2.082 
2.086 
2. ow 

2.083 
2.085 

2.098 

2. om 

- 

,621 .780 1.039 
.523 ,782 1.041 
,526 .785 1.044 

.5zS .787 1.046 

.Ul  ,790 1.049 

.534 .793 1.052 

.536 ,795 1.054 

.538 .798 1.057 

.MI .800 1.05L) 

1.580 1.838 

,287 
.2uo 
,283 

.296 
,298 
,300 

.303 

.306 

.308 

. a l l  
- 

1.923 
1.326 
1.329 

1.334 
1.336 

1.339 
I. 342 
1.344 

1.347 

I. a31 

- 

1.582 
1.5R.5 
1. E88 

1. 580 
1.593 
1.505 

1.698 
1.801 
1.603 

1.841 
1.844 
1.847 

1.649 
1.852 
1.8M 

1.857 
1.860 
1. A62 

1.885 

1.887 
1.870 
1.873 

1.875 
1.878 
1.880 

1.883 
1.886 
1.888 

1.891 

1.893 
1.896 
1.898 

1.901 
1.904 
1.906 

1. WQ 
1.911 
1.914 

1.917 

- 
- 

- 
- 

- 

2. IW 
2. 103 
2. 106 

2. 108 
2.111 
2.113 

2.116 
2.119 
2.121 

.646 .Ea5 1.004 

.549 .808 1.087 
,552 ,811 1,070 

.554 ,813 1.072 
,557 ,816 1.075 
,559 .81R 1.077 

,562 .E21 1.080 
.565 .S24 1.083 
,567 .826 1.085 --- 
,570 1 ,829 1 1.088 1.806 2.124 

.313 

.316 

.319 

.321 

.324 

.320 

.329 

.332 

.334 

1.349 
1.352 
1.355 

1.357 
1.380 
1.362 

1.365 
1.368 
1.370 

1.808 
1.611 
1.614 

1.616 
1.619 
1.621 

1.624 
1.827 
1.628 

- 
2.126 
2.129 
2.132 

2. la4 
2.187 
2.139 

2.142 
2.145 
2.117 

2.160 

2.162 
2.165 
2.157 

2.160 
2. I63 
2.165 

2. I68 
2. I70 
2.173 

2.176 

2.178 
2.181 
2. 183 

2 I88 
2.189 
2.191 

2. 194 
2. 196 
2.199 

- 
- 

- 
- 

,572 .a1 1.m 
,575 .834 LOU3 
,678 .837 1.090 

.mo .E38 1.088 
,683 .E42 1.101 
.b% .E44 1.103 

.27. __. _ _ _  - _ _ _ _  _ _  .070 

.28.. _ _  _ _  _ _ _  _ _ _ _  - -. .073 
,28.  - _ _  _ _  _ _  _ _ _ _ _ _ _ _  I .075 

.MKI .E47 1.106 
,850 1.108 :% I .852 I 1.111 

-1-1- 
,337 ,596 I ,855 I 1.114 1.373 

1.375 
1.378 
1.380 

1.383 
1.888 
1. a88 
1.381 
1.883 
1.3m 

1.388 

- 

- 

1.832 

1. 034 
1.637 
1.639 

1.642 
I .  646 
1.047 

1.650 
1.862 
1.065 

1. 658 

1.880 
1.683 
1.605 

2.888 
1.671 
I. 673 

1.676 
1.678 
1.881 

- 

- 
- 

,339 
.342 
.344 

.347 

.350 

.352 

I355 
,867 
.380 

.a98 .857 1.116 

:E I :E I f:::; 
,363 

,365 
,388 
.370 

,373 
.a i6  
.370 

. a81 

.383 

.388 

,388 

1 

- 

- 
- 
- 

:::::::::::::::::::I- .49 ...._ ~ -_-_.- _-.. 1.401 
1.404 
1.406 

1.409 
1.412 
1.414 

1.417 
1.418 
1.422 

1.424 
- 
- 

S - 

1.919 
1. 922 
1.924 

1.927 
1.930 
1.832 

1.936 
1.937 
1.940 

1.942 
- 
- 

7 - 

.a0 .E99 1 la 

:% I :E I ::E --- 
. a 8 1  . - I  1.166 

I-#- 
- 2.202 - 

0 - I o  



HARMONIC A S U Y S I S  ARD PREDICTION O F  TIDES 

Table lQ.--Products for Form 194-Continued 
[Multlpllor=sin 15°=0.2591 

219 

- - 
6 - 

1.424 

1.427 
1.430 
1.432 

1.435 
1.437 
1.440 

1.443 
1.445 
1.448 

- 

- - 
0 - 

0.130 

- - 
1 - 

0.386 

.301 

.394 
,396 

.399 

.401 

.404 

,407 
.4M) 
.412 

,414 

- 

- 

__ - 
e - 

0.048 

- - 
7 - 

1. 04: 

1.94: 
1.94L 
1.954 

1 . w  
1.9% 
1.95t 

1.961 
1. w 
l.w 
1. OOE 

1.971 
1.074 
1.07t 

1.97c 
1. Dlll 
1.984 

1.087 
1.986 
1.992 

1.994 

- 

- 
- 

- 

- - 
8 - 

2.201 

- -- 
0 - 
2.460 1.684 

1. ea6 
1.888 
1.601 

1.084 
1.688 
1.699 

1.702 
1.704 
1.707 

- 
.132 . 135 
,137 

. 140 

.142 
,145 

. 148 . 160 . 1.53 

. 165 - 

.G50 
,853 
,055 

,658 
.G60 
.ea3 
.m 
.088 
.671 

,673 
- 

,000 . L)12 
.014 

,917 
,019 
.922 

.925 

.930 

. en 

1.16L 
1. 171 
1. 17: 

1. 171 
1. 17t 
1.181 

1.184 
1. 1M 
1.16s 

2.204 
2.207 
2.200 

2.212 
2.214 
2.217 

2220 
2.222 
2.226 

2.227 
- 

2.463 
2.468 
2.4011 

2.471 
2.473 
2.478 

2.479 
2.481 
2.484 

2.498 

2.469 
2.492 
2.494 

2.497 
2.4w 
2. w2 
2. 505 
2.507 
2.510 

- 
-- ,932 1.191 1.460 1.7m 

1.712 
1.715 
1.717 

1.720 
1.722 
1.725 

1. 728 
1.730 
1.733 

1.735 

- 

- 

.158 
,101 
,103 

,166 
. lGLl 
.171 

.I74 
,170 
.179 

. I81 
- 

,417 
,420 
,422 

,425 
.427 
.430 

.433 

.435 

.438 

.440 
- 

,870 
,679 . 881 
.e84 
.e86 
.080 

.692 
,694 
.e97 

,935 
,938 
,940 

,943 
.045 
,948 

.951 
,963 
,958 

1. 184 
1.19; 
1.1% 

1.20; 
1.204 
1.107 

1.21c 
1.212 
1.216 

1.453 
1.468 
1.458 

1.461 
1.463 
1.460 

1.469 
1.471 
1.474 

2.230 
2. 233 
2.235 

2.238 
2.240 
2.243 

2.246 
2.248 
2.251 

.699 .958 1.217 

1. nc 
1.222 
1.22s 

1.228 
1.230 
1.233 

1.235 

1.241 

1.243 

- 

1. 23s 
- 

1.476 

1.479 
1.481 
1.484 

1.489 
1.492 

1.484 
1.497 
1. m 
1.602 

- 

1.487 

- 

2. 253 2.512 

2.515 
2.517 
2.620 

2.623 
2.525 
2.628 

2.530 
2. 633 
2. 630 

2. .U8 

2.641 
2.643 
2. M6 
2.649 
2.651 
2.664 

2. ma 
2.559 
2. 582 

2. M)1 

2. 667 
2. E89 
2.672 

2.574 
2.577 
2. 680 
2.682 
2. bas 
2. 4 7  

2. 6W 

- 

- 
- 

- 
- 

- 
- 

0 - 

.184 

.I86 

.189 

.I92 

.lo4 

.197 

.190 

.202 

.205 

.443 

.445 

.448 

.451 

.453 
,458 

,458  
,401 
,404 

.IO2 . I 04  

.707 

.710 

.712 

.715 

,717 
.720 
,723 

.901 

.903 

. wo 
,971 
,974 

,076 
.07U 
.982 

. me 
1.738 
1.740 
1.743 

1.748 
1.74x 
1.751 

1.753 
1.768 
1.769 

1.997 
1.998 
2.001 

2.005 
2. on7 
2.010 

2.012 
2.016 
2.018 

2.256 
2.258 
2.261 

2.264 
2.266 
2.269 

2.274 

2. 279 

2.282 
2. 28.1 
2.287 

2. 280 
2.282 
2.295 

2.297 
2.300 
2.303 

2.305 

2.3a9 
2.310 
2.313 

2.315 
2.318 
2.321 

2.323 
2.326 
2.328 

2.331 

2.271 

2. n 7  - 
- 

- 
- 

- 
- 

8 - 

.207 ,408  ,725 .9x4 

.987 
,980 
.992 

.995 

.997 
1. OOO 
1.002 
1.005 
1.008 

1.010 

- 

- 

1.761 2.020 
.210 
.212 
.215 

.21x 

.220 

.223 

.m 

.228 .!a1 

.469 
,471 
.474 

.477 

.479 

.482 

.484 
,487 
,400  

.72R .no 

.733 

.736 

.738 

.741 

.743 

.746 

.749 

.751 

,754 
,758 
.769 

.761 
,704 
.707 

.'I09 

.772 

.774 

.777 

- 
- 

- 
- 
P - 

1.240 
1.248 
1.251 

1.254 
1.258 
1.259 

1.261 
1.204 
1.207 

1.209 
- 

1. m5 
I. to7 
1. 610 

1.613 
1.615 
1. 618 

I .  520 
1.623 
1.528 

1.704 
1. 768 
1.769 

1.772 
1.774 
1.777 

1.779 
1.782 
1.785 

2.023 
2.02s 
2.028 

2.031 
2.033 
2.038 

2.038 
2.041 
2.044 

. w 3  

. 236 

.a8 

.241 

.243 
,246 
.249 

.251 

.!m 

.258 

.259 

- 

- - 
0 - 

,492 

,495 
.407 
,500 

. ,502 
,605 . 608 
.510 
.513 
.616 

.618 

- 

- 
- 

1 - 

1.528 

I .  531 
1. ,533 
I .  536 

1. 638 
I .  541 
1.544 

1. MO 
I. MQ 
1.551 

- 1.787 
1.790 
1.702 
1.795 

1.707 
1.800 
1.803 

1.805 
1.808 
1.810 

- 2.04G 
2.049 
2.061 
2.054 

2.050 
2.050 
2.062 

2.064 
2 007 
2.069 

2.072 

- 

- 
- 

7 - 

1.013 
1.015 
1.018 

1.020 
1.021 
1.026 

1.028 
1.031 
1.033 

1.036 
- 
- 
s - 

1.272 
1.274 
1.277 

I .  279 
1.282 
I .  285 

1.287 
I .  280 
1. a2 

1.295 - 
4 

I. 654 - 
8 

1.813 - 
6 - 
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3.505 
3.610 
3.815 

3.520 
3.625 
3.530 

3.635 
3.t40 
3.645 

U. S. COAST AND GEODETIC SURVEY 

Table lQ.--Producte for Form 194-Continued 
[Multlpller = s h  SOD - 0.8001 

4.005 
4.010 
4.015 

4.020 
4.025 
4.030 

4.036 
4.040 
4.046 

3.656 
3.500 
3.505 

3.670 
3.675 
3.580 

3.585 
3.500 
3.605 

3.600 

3.005 
3.010 
3.015 

3.020 
3.025 
3.030 

3.836 
3.640 
3.045 

3.0EO 

_-- 

4.055 
4.060 
4.006 

4.070 
4.076 
4.080 

4.085 
4.080 
4.095 

4.100 

4.105 
4.110 
4.1.16 

4.120 
4.126 
4.130 

4.136 
4.140 
4.146 

4.1~50 

- 
-- 

-- 
3.655 
3.ROO 

3.070 
1.076 

3 . 4 ~ 5  

3.080 

4.155 
4.100 

4.170 
4.176 

4.185 

4. ihn 

3.085 
3.060 
3.695 

3.7m 

3.705 
3.710 
3,715 

-- 

4.186 
4.100 
4.195 

4.200 

4.205 
4.210 
4.215 

--- 
-- 

3.735 
3.740 
3. 745 

3.750 

7 

4.235 
1.240 
4.245 

4.250 
-- -- 

8 

- - 
0 

4.M)  

4. M5 
4.510 
4.516 

4.620 
4.625 
4,530 

4.536 
4.540 
4.646 

4. ab0 
4. 566 
4.580 
4.666 

4.570 
4.675 
4.680 

4.685 
4. hW 
4.595 

4.800 

4.806 
4. 010 
4. e15 

4. e20 
4. (125 
4.830 

4. 035 
4. a40 
4,045 

4. two 
4.056 
4 OB0 
4: 006 

4 070 4' 076 
4: om 
4 f185 

4.005 

4.7w 

4.705 
4.710 
4.716 

4.720 
4.726 
4. 730 

4 735 4' 740 
4: 745 

4.750 

- 
- 

- - 

- - 

- 
/ 

4:0@ 

/ 

4 

-Cc( 

/ 
9 
/ 

0 1  

0. OOO 0. m 
,005 . W 6  
,010 .510 
,016 ,515 

-- 
-^_- 

7 8 

1.005 
1.010 
1.015 

1.020 
1.025 
1.030 

1.035 
1.040 
1.046 

1. 605 
1.510 
1.515 

1.520 
1.525 
1.530 

1. E35 
1.540 
1. M I  

2.005 
2.010 
2.015 

2.020 
2.025 
2.030 

2. a35 
2.0411 
2.045 

2. 505 
2.510 
2.515 

2.520 
2.525 
2.530 

2.5.15 
2.540 
2.545 

2.650 

2.655 
2. Mx) 
2.585 

2.570 
2.576 
2.580 

2.585 
2.500 
2.595 

I_ 

- 

3.005 
3.0 : 
3.01s 

3.020 
3.025 
3.030 

3.035 
3.040 
3.045 

3.050 
-- 

,020 .520 
.025 .626 .ow .530 

.035 .536 

.040 ,640 

.045 .546 

1. ow 
I. 056 
1.060 
1.005 

1.070 
1.075 
1.080 

1.085 
1.080 
1.095 

1. loo 

1.105 
1.110 
1.115 

1.120 
1. 125 
1.130 

1.135 
1. 140 
1.145 

-- 

-- 
- 

1.660 2.050 

2.055 
2. Mw) 
2.005 

2.075 
2.080 

2.085 
2.080 
2.095 

- 

2. 070 

3.6W I 4.060 .OW .660 

,066 ,655 
.OW ,500 
.005 ,605 

-- .- 
1.556 
1.560 
1.605 

1.570 
I. 575 
1.680 

1,686 
1,590 
1.695 

3.055 
3.000 
3.005 

3.070 
3.076 
3.080 

3.085 
3. OQO 
3.096 

.070 ,570 

.076 .575 

.OB0 .10 

.os5 ,585 

.ow) .5Qo 

.095 .596 -- 
,100 I .600 1.800 

I .  010 
1.616 

1.020 
1. 025 
1.030 

1.835 !. 640 .. 045 

1. OM 

- 
1. eo5 

-- 

2.100 

2.105 
2.110 
2.116 

2.120 
2.125 
2.130 

2.135 
2.140 
2.146 

2.150 

2.155 
2. 160 
2.105 

2.170 
2.175 

- 

-- 
-___ 

2. ieo 

2,185 
2. I U O  
2.195 

2.800 

2 605 

2.015 

2. 020 
2.025 
2.030 

2.035 
2.640 
2.045 

2. OM 

__ 
2. ai0 

__ 

3. 100 

3.105 
3.110 
3.115 

3.120 
2.125 
3.130 

3.135 
3.140 
3.146 

3.160 

-- 

- 

. io5 .eo5 

.I10 ,010 

.115 .015 

.120 .a20 

.125 .a25 

, 136 ,035 
.140 ,840 
. I45 .645 

. i a o  .e30 

-I- 
.150 I ,050 1. 150 

1.155 
1. 164 
1.165 

1.170 
1.175 
1.180 

1.1M 
1.190 
1.105 

1.056 
1. wfl 
1.085 

1 .  G O  
1.075 
I .  fi90 

1.085 

1.095 
1. no0 

2.055 
2. 6eu 
2.605 

2.670 
2.075 
2.080 

2.685 
2. GOO 
2.095 

3.1.55 
3.164 
3.165 

3.170 
3.176 

3.185 
3.100 
3.195 

3.180 

.170 .070 

.I75 ,075 

. 180 .080 

. 185 .@I6 

.190 .ow . 195 .GO5 -_- 
,200 ,700 

.205 ,705 

.210 .710 
,215 ,715 

--- I .  200 

1.205 
1. 210 
I. 215 

1. no 
1. 225 
1.230 

1.235 

1.245 

- 

I. 240 

1.700 2.200 

2.205 

2.215 

2. m 
2. T25 
2.230 

2.235 
2.240 
2.246 

2.250 

-. 

2.210 

-- 
II 

4 - 

2.700 3.200. 

1.705 
1.710 
I. 715 

1.720 
1.725 
1.730 

1.735 
1. 740 
1. 74h 

1. i t 0  
- 
- 

9 - 

2.705 
2.710 
2.715 

2.725 
2.180 

2.735 
2.740 
2. 745 

2.720 

3.205 
2.210 
3.215 

3.220 
3.225 
3.230 

3.235 
3.240 
3. 246 

I :% 
,230 .730 

3,720 4 . m  
3.725 4.226 
3.730 4.230 

,235 ' ,735 
,240 1 .740 
,245 . 745 -- 
.2m I .750 

O i l  
-- 1.250 - 

2 - 
2. iw - 
6 - 

3.2W - 
6 - 
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2.255 
2.280 
2.256 

2.276 
2.280 

2. 285 

2.295 

2. no 

2x10 

221 

- - 
9 - 
4.760 

4.755 
4.780 
4.766 

4.770 
4,775 
4.780 

4.786 
4.790 
4.706 

4.800 

4.805 
4.810 
4.816 

4.820 
4.826 
4. B#) 

4. 886 
4.840 
4.646 

4. Mi0 

- 

- 
- 

- 

2.755 3.266 
2.780 9. #111 
2.766 3. m 

2.775 3.278 
2.780 3.280 

2.786 3 . m  

2.796 3.292 

2. no 3 . m  

2.790 3.280 

Table 19.-Products for Form 194-Continued 
[Multipller -sln 30°-&6801 

1.305 
1.310 
1.316 

1.326 
1.330 

1.335 
1.340 
1.345 

1.320 

-- 
1 . m  
1.8lC 
1.81: 

1 . m  
1 . m  

1 . m  
1.MC 
1.64: 

1 . m  

1.360 

1356 
1.380 
1.w 

1.370 
1.375 
1.380 

1.385 

1.396 

1.m 

1.410 
1.415 

1.42O 
1.425 
1.430 

1.436 
1.UO 

1.380 

1.405 

1.445 

1.460 

1.455 
1.460 
1.466 

1.470 
1.476 
1.480 

1.486 
1.4W 
1.406 

I .  600 

1.W 

1.m 
1 . W  
1.w 

1.87C 
1.871 
1 . w  

1.w 

1.88f 

1.w 

1.91C 
1.911 

1 . W  
1.926 
1.930 

1.035 
1.940 

1.950 

1.965 
1 . w  
1.986 

1.970 
1.975 
1.880 

1.886 
1.990 
1.886 

2.000 

-- 

1 . m  
-- 
-- 

1.90: 

1.946 -- 
-- 

-- 
-7 

2 s  

2.356 
2.360 
2.386 

2.370 
2.375 
2.380 

2.985 
2380 
2.396 

2.855 3.351 
2.880 3 . m  
28M 3 . W  

2.870 3.37C 
2.875 3.37: 
2.880 3.381 

2.885 3 . m  
2.880 3 . N  
2.886 3.39f 

2.465 
2.460 
246'5 

2.470 
2.476 
2.480 

2.486 
2480 
a.406 

2.056 3.455 
2.880 3.480 
2685 3.46'5 

2.970 3.470 
2876 3.476 
2.880 3.480 

2.- 3 . 4 1  
2.990 3.490 
2.886 3.405 

- - 
7 - 

3.760 

- - 
8 

4 . m  

4.256 
4.260 
4.265 

4. no 
4.275 
4.280 

4.286 
4.290 
4.295 

- 
- 

+p 
2.250 2.760 3 . m  

~ 

.755 

.760 

.766 

.770 

.771 

.780 

.7a5 

.780 
,785 

,800 

.806 

,815 

.820 
,826 
.am 
. Iu5 
.840 
.a45 

- 
- 

.8ia 

3.755 
3.780 
3.766 

3.770 
3.776 
3.780 

3.788 

3.796 
3.780 

3.800 

3.8011 
3.810 
3. A16 

3.826 
3.890 

3.836 
3. 640 
3. 646 

3. LIW 

- 

3.1320 

- 

4.300 

4. m 
4.310 
4.316 

4.326 
4.310 

4.396 
4.340 
4.346 

4.360 

- 

4.320 

- 

.m 

.31C 

.311 

.3# 

. 3 2  

.33( 

.33f 

.34c 

.34c 

.3M 

.35f 

.381 .w 

.37c 

.37f 

.38( 

.3af 

.N 

.38L 

.406 

- 

- 

2.360 I 2 . W  I 3.3M 

3.868 
3 . w  
3.886 

3.870 
3.876 
3.880 

3.886 

3.895 
3.880 

4.3M 
4.360 
4.366 

4.370 
4.376 
4. 380 

4 . w  

4.896 
4.380 

4.8611 
4.880 
4.886 

4.870 
4.876 
4.880 

4 . w  

4. SBb 
4 . 8 ~  

3. WM 

3. B(M 
3.810 
3.915 

3. m 
3.926 
3.880 

3.896 
3.910 
3.046 

3. OM) 

- 

- 

4,400 

4.405 
4.410 
4.416 

4. m 
4.4m 
4.430 

4.435 
4.440 
4.446 

- 4.900 

4. m 
4,910 
4.916 

4. em 
4. rn 
4.930 

4.936 
4.940 
4.946 

4. 860 

4. OM 
4.w 
4.685 

4. OM 
4,976 
4.980 

4.986 
4.990 
4 006 

6. OOO 

9 

- 

- 
- 

- - 
- 

.40t 

.411 

.a 

.425 

.43O 

.436. 

.440 

.446 

.am 
.806 
.e10 
.916 

.8#1 

.e26 

.e30 

.836 . 940 . w6 

2.435 2.035 3.436 

::SI ::El kS 
4.460 - 
4.455 
4 . w  
4.486 

4.470 
4.476 
4.480 

4.486 

4,496 

4. m 

8 

4.480 
- - 
- 

.460 
~ 

.4M 

. 4 0  

.405 

.470 

.475 

.480 

.486. 

. 4 w  
,495 

.e65 .w 

.685 

.e70 

.e75 

.880 

.885 

.890 

.995 

1. 000 
- 
- 

1 - 

3.056 
3. BM 
3.906 

3. wo 
3.976 
3. os0 
3.886 
3.990 
3.806 

4. 000 
- - 

7 - 
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Table 19.-Products for Form 194-Conilnned 
dler-sfn 46"-0.70~ [Mull - - 

'I - 
4.048 

4. ob0 
4. €33 
4. 870 

4. 877 
4. w 
4.991 

4.888 
6.000 
h. 018 

6.020 

- 

- 

- - 
6 - 

8.858 

8.889 
6.670 

8. 0% 
8.681 
6.688 

8.708 
5.713 
6.720 

8.727 

8.734 
6.741 
6.748 

8.768 
8.762 
6.768 

8.776 
8,783 
8.790 

- 
5. en 

- 
- 

s - 
1.414 

4 

2 828 
- 6 - 

4.242 

4. 248 
4.258 
4.283 

4.270 
4.277 
4. -zsc 
4.281 
4.208 
4.306 

4.318 

- 

- 

1 - 
0.707 

a - 
2.121 

6 - 
3.638 

3. M2 
3. M8 
3.566 

3.663 
3.870 

3. b84 
3.892 
3.699 

3.808 

3.813 
3.620 
3.627 

3.634 
3.641 
3.648 

3.656 
3.002 

3.676 

- 

a. 677 

- 
- 

a. - 

.007 

.014 

.021 

.OB 

: 8Z 
. 048 
.067 
,064 

.714 

.721 

.728 

.736 

.742 
,748 

.760 

.704 

.771 

1.421 

1.436 

1.442 
1.448 
1.466 

1.463 
1.471 
1.478 

1.428 
2.128 
2.135 
2.142 

2.148 
2.168 
2.183 

2.170 
2. 178 
2.185 

2.838 
2.842 
2.848 

2.8M7 
2.863 
2.870 

2.877 
2.885 
2.892 

2.898 

2.800 
2.013 
2.920 

2.927 
2.034 
2.041 

2. Q48 
2.058 
2.882 

2. 888 

- 
- 

- 

.071 

.078 

.085 

. O W  

. 099 

.lo6 

.113 

.120 

.I27 

.134 

.I41 

- 

- 

.778 

.785 

.782 

.788 

.800 
,813 
.820 

.827 

.a4 .a1 

.848 

.865 
,803 
.870 

.877 

.884 

.8U1 

.a98 . 006 
* 912 

- 

- 
- 

1.485 

1.492 
1.408 
1.m 

1.613 
1.620 
1.627 

1.634 
1.541 
1.648 

1,686 

- 

- 

2.192 

2. 199 

2.213 

2.220 
2.227 
2.234 

2.241 
2.248 
2.255 

2.262 

2.277 
2.284 

2. 281 
2.298 
2.305 

2.312 
2.319 
2.320 

- 
2.206 

- 
- 

p.208 

4. a20 
4.327 
4.34 

4.341 
4.348 
4.368 

4.362 
4.360 
4.376 

8.027 
8.034 
8.041 

5. 048 
6.055 
5.062 

6. 068 
bs 076 
8. OLW 

4.383 

4.380 
4.388 
4.405 

4.412 
4.419 

4.433 
4.440 
4.447 

- 

4.4213 

6.090 6.797 

8.801 
8. 812 
8.819 

8.828 
8.838 
b. 640 

5.847 
8.854 
8.861 

8.888 

8.878 
8.882 
8.888 

8. 808 
8.908 
6.811 

6, 818 
6.828 
8.833 

8.830 

- 

- 
- 

- 

.I48 

.I66 

.163 

.I70 

.I77 

.184 

.I81 

.198 

.205 

,212 
- 

1.602 
1.670 
1.677 

1. E84 
1.681 
1.688 

1.805 
1.012 
1.618 

1.620 
- 

2.070 
2.984 
2. w1 

2.008 
3.005 
3.012 

8.018 
3.026 
3.033 

3.883 
8.691 
3.688 

3.712 
3.719 

3.720 
3.733 
3.740 

a. 705 

6.087 
8.108 
8.112 

5.118 
5. 120 
6.133 

A. 140 
3.147 
8.1M 

b. 161 

8.168 
8.176 
8.182 

8.188 
6.180 
8. #)4 

8.211 
6.218 
6.228 

8.392 

- 
- 

- 

* 919 2.333 3.040 

3.047 
3. OM 
3.001 

3.008 
3.078 
3.083 

3.080 
3.087 
3.104 

3.111 

3.118 
3.126 
3.132 

3.146 
3.153 

3. 180 
3.167 
3.174 

3.182 

4 

- 

- 
- 

3. iae 

- - 

3.747 

3.764 
3.761 
a. 768 

3.176 
3.782 
3.780 

3.787 
3.804 
3.811 

3.818 

3.826 
3.832 
3.838 

9.846 
3.863 
3.880 

3.874 
8.881 

3.888 

- 

- 
- 

a. 807 

- - 
b 

4.464 

4.461 
4.468 
4.478 

4.482 
4.488 
4.487 

4. iYJ4 
1.511 
4.618 

4. Ea6 

4.632 
4.538 

4.563 
4. MO 
4.m7 

4.674 
4,681 
4. Mlll 

4.696 

- 

- 
- 
4 . ~ 6  

- - 
6 - 

.218 .ne 

.233 

.240 

.247 

.256 

.2a2 

.268 

.276 

.283 
- 

* 9% 
* 933 
.940 

. Q47 

.854 
,882 

. 908 

.976 
,983 

~ ~~ 

1.633 
1.040 
1.647 

1. r)M 
1.661 
1.060 

1.670 
1.083 
1. om 

2.340 
2.347 
2.354 

2.381 
2.308 
2. 376 

2.383 
2.380 
2.387 

.w 1.687 

1.704 
1.711 
1.718 

1.71 
1.732 
1.738 

1.740 
1.763 
1.780 

- 2.404 
2.411 
2.418 
2.425 

2.432 
2.438 
2.446 

2.463 
2.460 
2.467 

- 
.m .a7 
.304 

.318 

.325 

. a32 

.838 
* 846 

.ail 

~~ 

,887 
1.004 
1.011 

1.018 
1.025 
1.032 

1.039 
1.046 
1.053 

1.230 
8.246 
5.243 
8.280 
8. m 7  
'5.274 

8.388 
6. lQ6 

8.302 

7 

n. ai 

_I_ 

IC 

- 

8, 846 
6. 8M 
6.980 
8. Bo7 
8. 874 
6. BB1 

6. W 
8. w5 
6.002 

6.010 

E 

- - 
-c 

1.080 

1 
- 1. 768 - 

9 - 
2.474 - 

8 - 
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Table 19.--Producte for Form 194-Continued 

223 

Multlpller-sin 46°-0.7#q - - 
0 - 

0.364 

- - 
b - 

3.88l 

3.8W 
3. Wo1 
3.9u 

3. Oli 
3.924 
3.931 

3.93s 
3.94: 
3.95: 

3.96f 

- 

- 

8 

6. ow 
0.017 
6.024 

0.038 
0.046 
0.052 

0. os9 
6.080 
0.073 

6.080 

- 
- 
0. 031 

- 

7 - 
1.302 

6.310 
6.317 
6,324 

6. .33l 
6.338 
6.345 

6.362 
6.369 
6.366 

- 

e - 
6.716 - 2.474 3. 18: 

3.181 
3.1w 

- 

3. m: 
3.21! 
3.21, 
3. 22. 

3.23 
3. w 
3. a! 
3.25: 
- 

4.69E 

4.001 
4.010 
4.011 

4.624 
4.631 
4.838 

- 
.a01 
.3M 
,975 

.a2 

.38Q 

.3(M 

.403 

.417 

.410 

1.068 

1. ow2 

1.089 
1.oQe 
1. 103 

1.11u 
1.117 
1.124 

1.075 
1.77f 

1.78\ 

1.80: 
1. HI( 

1.813 
1.824 
1.831 

1.711: 

1 . 7 ~ ~  

6.724 
6.731 
0. 7 I  

2.482 
2.486 
2.4w 

2.603 

2.617 

2.524 
2.531 
2.538 

2.646 

2.~10 
6.746 
6.762 
6.769 

0. 766 
6.773 
6.780 

,424 

.431 .<xi 

.446 

.452 

.460 

.467 

.474 

.4M 

.496 

- 

.4n1 
- 

1.131 

1. 138 
1.146 
1.162 

1.1.69 
1.107 
1.174 

1.181 
1. IRE 
1.195 

- 

- 
1.202 

1.831 

1.84: 
1. Mi 
1. UC 
1.w 
1.874 
1.8881 

1. WE 
1.895 
1.802 

1. WQ 

- 

- 

6.373 a. 787 

2.652 
2.669 
2. WG 
2.673 

2. s8a 

2.696 
2.602 
2.609 

2. 681 

3.2v 
3.2a 
3. 27: 

3. 2R( 
3.281 
3.291 

3.30: 
3.30( 
3 . u  

3. Qg( 
3. u7i 
3.98( 

3.987 
3.99: 
4. Mi 

4.00% 

4. OW 
4.030 

4.037 
4.044 
4.061 

4.058 
4. (M.5 
4. 072 

4.070 
4.080 
4.084 

4. ole 
- 
-_ 

4. ti73 
4.680 
4.687 

4.694 
4. io2 
4.708 

1.380 
6.387 
6. 394 

5.401 
6.408 
6.416 

6.423 
6.430 
6.437 

6.444 

6.461 
6.468 
6.406 

6.472 
K. 479 
E 4E6 

6.493 
6. m 
6.608 

6.616 

- 
- 

- 

0.087 

6.101 

6.108 
0.116 
6.123 

6.130 
0.137 
6.144 

6.161 

0. la 

0. 172 

0.179 
6.186 
0. 183 

0.200 
6.207 
0.216 

0.222 

0. OB( 

- 
- 
0. IGS 

- 

~~ 

0.184 
6.801 
6.808 

6.816 
0.823 
6.@ 

4.716 
4. i23 
4.730 

6.837 
6.844 
6.851 - 
0.858 2.616 3.32 4.737 

4.744 
4.761 
4.758 

- 
,502 
,509 
* 510 

,523 
. 530 
. .%7 

,644 
.MI . M9 

1.209 
1.216 
1.223 

1,230 
1.237 
1.244 

1.261 
1.2% 
1 . m  

1. m a  
1. w23 
I. 93u 

1.937 
1.w.l 
1.u51 

1.Q.58 
1. U05 
1. u73 

2.6TJ 
2. &.,O 
2. u37 

2.644 
2.051 
2. G 3  

2.005 
2.672 
2.080 

a. 33( 
3. &3; 
3.344 

3,366 
3. :;G€ 
3.37i 
3.375 
3.387 

a. 351 

6.806 
6.872 
6.870 

.74 

.7b . . _ _ _  . . . 

.78.. . . . . . . . . . . . 

. . . . - .  . . . . . . . 4.766 
4.772 
4.  ;;e 

6.880 
6.803 
6.800 

0. 807 
6.914 
6.922 

1.273 1. Be0 

1.987 
1. MI4 
2.001 

2.008 
2.016 
2. 022 

2.028 
2.030 
2.043 

- 2.087 3.394 

3.401 
3.408 
3.416 

3.422 
3.420 
3.436 

3.443 
3.460 
3.467 

- 4.101 

4.108 
4.116 
4.122 

4.129 
4.130 
4.143 

1. 160 
4.167 
4. 101 

4.171 

- 

- 

0.928 

,673 
,680 
. a 7  

.5u4 
* 601 

.e16 

.a22 
,020 

. r i  

1 . m .  
1.287 
1.204 

1.301 
1.308 
1.316 

1.322 
1.328 
1.330 

2.094 
2. 701 
2. 708 

2.716 
2.722 
2.728 

2.736 
2.743 
2. 7w 

4.816 
4.822 
4.828 

6.522 
6.528 
6.636 

6.643 
5. m 
6. M7 

6. EG4 
6.671 
6.67U 

6.586 
- 

6.228 
6.236 
0.243 

6.250 
0.267 
6.284 

6.271 
6. ns 
6.285 

0.292 
- 

6.636 
6.943 
0. OM) 

4.830 
4.643 
4. em 

0.w7 
6.964 
6.071 

6.978 
6. QsJ 
0.882 - 

4.878 .G36 1.343 2.050 

2.057 
2084 
2. ui2 

2.070 
2.088 
2.083 

2. loo 
2.107 
2.114 

- 2.767 

2. 704 
2.771 
2.779 

2.786 
2.793 
2. eo0 

2.807 
2.814 
2. 821 

- 3. 404 

3.471 

3.480 

3.493 
3. Mw) 
3.607 

3.614 
3. 621 
3. 628 

3.636 

4 

- 

3.478 

- 
- 

6. m 
,043 
,060 
.Ma 
.m 
.e72 
.079 

.oBn 

.e93 

.700 

1.360 
1.357 
1.305 

1.372 
1.379 
1.3a 
I .  393 
1.400 
].PO7 

1.414 
- 
- 
1 

L.li8 
1. 185 
4.193 

4. 200 
I. 207 
I. 214 

1. 221 
4.228 

1.242 

4. ns - 
- 

6 

6.692 
6. €a0 
6.607 

6.614 
6.021 
6.828 

6.636 
6.012 
6. e49 

6.058 
- 
- 

7 

0.208 
6.308 
6.314 

6.321 
6.328 
0.536 

6.342 
6.340 
6.W 

6.383 

0 

- 
- 

7. ooo 
7. or3 
7.021 

4,807 
4.914 
4.921 

7 . m  
7. a36 
7.042 

7.049 
7. ow 
7.083 

.707 - 
0 

2.121 

9 
- 2. R28 - 

S 

7.070 

e 
- 
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6.196 

6.205 
5.213 
5. E2 

5.231 
1.239 
6.248 

6.257 
6.206 
6.274 

U. S. COAST AND GEODETIU S"RVEY 

Table lQ.--Products for Form 294-Continued 
[Multlpller==sh 60".-0.8f36] 

6.062 

6.071 
0.070 
6.088 

0.097 
G. 105 
0.114 

6.123 
6. I31 
6. I40 

-.__ 

1.741 
1.749 
1. i 1  

1.767 
1.776 
1.784 

1.793 
1.801 
1.810 

1.819 

2.607 
2.016 
2.624 

2.033 
2.041 
2.050 

2.059 
2.M7 
2.070 

2.885 
-- 
1.827 
1.836 
1.846 

1.863 
1.802 
1.971 

1.879 
1.888 
1.881 

2.693 
2.702 
2.711 

2.719 
2.728 
2.737 

2.746 
2.764 
2.703 

6.291 
5.300 
5.308 

5.317 
6.328 
6.335 

6.343 
6.362 
6.301 

6.389 

0.167 
0.188 
0. I76 

0.1M 
6.192 
0.201 

6.208 
0.218 
0.227 

0.236 
-- 
6.378 
6.387 
6.396 

6.404 
6.412 
6.421 

5.430 
5.438 
6.447 

6.244 
6.W 
0.281 

6.270 
6.278 
0.287 

0.280 
6.304 
0.313 

6.466 

6.464 
6.473 
6.42 

6.480 
6.499 
6.608 

6.610 
6.624 
6.634 

6.642 

6.322 

0.380 
6.339 
6.348 

0. a58 
6.305 
0.374 

6.382 
0.391 
0.400 

6.408 

-- 

-- 
2.062 
2.081 
2.070 

2.078 

2.087 

2.104 

2.113 
2.122 
2.130 

2.139 
2.148 
2.166 

2.096 

2.918 
2.Q27 
2.936 

2.944 

2.953 

2.870 

2.979 
2.988 
2.996 

3.005 
3.014 
3.022 

-- 
-- 

2902 
6.661 
5.580 
6.668 

6.677 
6. E86 
6. SW 

6.803 
6.012 
6.620 

6.029 

6.417 
0.428 
6.434 

6.443 
6.462 
6.480 

6.469 
0.478 
0.466 

6.495 
-- 

-(1 1.732 2.598 

- - 
4 - 

a. 404 - 
3.473 
3.481 
3.480 

3.488 
3.507 
3.510 

3.625 
3.633 

3. 661 

a. 542 - 

- - 
6 - 

4.330 

4.339 

4.368 

4.385 
4.373 
4.382 

4.391 
4.388 
4 408 

- 
4. a47 

- - 
8 - 

6.928 

6.037 
6. WS 
0.964 

0.863 
0.971 
0.880 

6.889 
0.997 
7. oo(1 

7.016 

7.023 
7.032 
7.041 

7.049 
7 . 0 1  
7.087 

7.076 
7.084 
7.093 

7.101 

- 

- 
- 

- 

e l 7  0 

.876 

.883 

.892 

.801 

.809 

.918 

.927 .w 

.844 

.963 
- 

.07. _ _  _ _ _ _ _  _. _ _ _ _ _ _  ,061 

.08...... ...... _- -_  .089 

.@.. - _ _ _  .-. ._.___. I .078 

4.417 6.283 I 0.148 

.961 

.970 

.979 

. a 7  

.8BB 
1.006 

1.013 
1.022 
1.031 

3.669 
3. Ms 
3.677 

3 . 1 6  
a. sw 
a. 603 

3.011 
3.620 
3.629 

3.037 

3.848 
3.666 
3.603 

3.672 
3.660 
3.889 

3.888 
3.708 
3.716 

- 
- 

4.425 
4.434 
4.443 

4: 451 
4.480 
4.409 

4.477 
4.488 
4,196 

4.603 

4.612 
4.621 
4.628 

4.638 
4. MB 
4.566 

4.584 
4,672 
4.681 

- 
- .so ._.___ ~ ___.____. 1.039 

1.048 
1.057 
1.086 

1.074 
1.082 
1.091 

1. 100 
1.108 
1.117 

- 
7.110 
7.118 
7. I27 

7.130 
7.144 
7.163 

7.102 
7.170 
7.179 

1.128 3.724 

3.741 
3.760 

3 . 7 1  
3.767 

3.784 

3.802 

a. 810 

- 
a. 732 

a. 778 

a. 793 
- 

4.680 

4. m 
4.807 
4.010 

- 

:: 3 
4. w 2  

4.660 
4 . w  
4.888 

7.188 

7.188 
7.206 
7.214 

7. m 
7.231 
7.240 

7.248 
7.267 
7.266 

7. n 4  

- 

- 

1. I34 
1. I43 
1.162 

1.180 
1.109 
I. 178 

1.188 
1.196 
1.204 

1.212 
- 

.a20 

.329 

.338 

.340 
- 

4.676 

. a m  
.~ .3M . a72 

.381 

.a80 

.398 

1.221 
1.230 
1.238 

1.247 
1.250 
1.284 

1.273 

1.290 
1.282 

3.819 
3.828 
a. 838 
a. 84s 
3.851 
3.882 

3.871 
3.880 
3.888 

4.686 
4.694 
4. 702 

4.711 
4.720 
4.728 

4.740 
4.764 

4 . n 7  

7.283 
7.291 
7.300 

7.309 
7.318 
7.328 

7.335 
7.344 

7.301 

7. a m  - - 
8 - 

1.298 - 
1 - =IF P 

3.887 - 
4 - 

4.783 - 
6 - I o  
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i. 801 

7.370 
7.378 
7.387 

1.404 

- 

7. am 

Tahlc lQ.-Products for Form 194-Continued 
[Multlpllor=sln 00”-0.8601 

8.413 ~ 

7.412 
7.430 
7.438 

- - 
0 - 

0.433 

7.448 

7.406 
7.406 
7.4i1 

7.482 
1.491 
7. m 
7. bo8 
7.617 
7. 620 

7. a34 

- 

- 
7. 643 
7.663 
7. bB0 

7.669 
7.618 
7. w 
7.886 
7.603 
7.612 

7.621 

7.028 
7. e38 
7.847 

7. e66 
7. e84 
7. on 
7.681 
7.880 
7.808 

- 
- 

7.707 

7.716 
7.726 
7. 733 

7.742 
7.761 
7.789 

7.788 
7.777 
7.786 

7. 794 

- 

- - 
8 - 

- 
1. a9 

1.808 
1.310 
1.826 

1.834 
1.842 
1.861 

- 

1. am 
1. ase 
1.371 

1. a80 

1.403 
1.412 

1.420 
1.428 
1.488 

1.440 
1.466 
1.404 

- 
- 
I.  a04 

1.472 

1.481 

1.408 

1. M17 
1.610 
1.624 

1. Ka3 
1.641 
1. m 

- 
1.480 

1.669 

I .  667 
1.676 
1. ma 
1.698 

1.611 

1.019 
1.628 
1.637 

1.846 

- 

I. ma 

- 

- - 
3 - 

a. oai  

- - 
6 - 

6.C29 

6.638 
6.640 
6.055 

t. (1G4 
6.672 
6.081 

6.G90 
6.098 
6.707 

6.716 

6.724 
6.783 
6.742 

6.7bo 
6.768 
6.708 

6.776 
6.785 
6.794 

6.802 

6.811 
5.810 
8.828 

6.837 
6,840 
6.W 

6.883 
6.871 
6.880 

6.889 

- 

- 
- 

- 
- 

- 

- - 
1 - 

0.495 8.227 

8.230 
S. 244 
8.26a 

8. B2 
8.210 
8 . Z 9  

8.288 
8.280 
8.246 

8.314 

8.822 
8. a31 
8.840 

8.848 
8.867 
8.366 

8.874 
8.W 

8.W 

- 

- - 

8. a92 - 

,442 
* 4M) 
,450 

.408 

.470 
* 485 

* 494 
.bo2 
,611 - 
.6m - 
-628 . E37 . MO 

.6M 

.M)3 
,672 

*a0 
.689 
,698 

.m 
- 

2.174 

2.101 

2.200 

2.217 

2.226 
2.234 
1.243 

2.262 

2.280 
2.268 
2. n8 

2.286 
2.296 
2.304 

2.312 
2.321 
2.330 

2. m a  

2.108 

- 
- 

3.040 
8.0411 
3.057 

3.000 
3.074 
3.083 

3.082 
3.100 
a. 109 - 
a. 118 

a. 1% 
3. la6 
a. 144 

a. io1 

- 

8.162 

8.170 

9.178 
3.187 
a. 190 

3. OM) 
a. 914 
a. oza 
a. 032 
3.940 
3.949 

3 . 9 1  
3.880 
a. 976 - 
a. 904 

4.772 
4.780 
4.780 

4. io8 
4.800 
4.1116 

4.824 
4 . 8 2  
4. 841 

6. bo4 
0.612 
0.1121 

G. 630 
0. €35 
0. €47 

0. 666 
0. Mi4 
0.613 

4.860 

4 . 8 1  
4.867 
4.870 

4.884 
4.893 
4.802 

4.910 
4.019 
4.828 

- 0.682 

0. 590 
0.699 
0.008 

6.010 
6.625 
6.634 

6. o(2 
0. e51 
6.880 

- 
a. m 
4.001 
4.010 

4.018 
4.027 
4.036 

4.044 
4.053 
4.062 

4.070 

4.070 
4.088 
4.090 

4.105 
4.114 
4.122 

4.131 
4.138 
4.148 

- 
- 2.338 

2.3M 
2.384 

- 
2. a47 

2. an 
2. 38a 
2.380 

2.399 
2.407 
2.416 

3.104 - 
3.218 
a. m 
3. no 
3.239 
3.248 
3 . m  

8.206 
3.273 
3.282 

4.036 

4.946 
4. 9M 
4.902 

4.971 
4.980 
4.908 

4.897 
6.006 
5.014 

6.023 

- 

- 

0.00s 

0.677 
n. 080 
0.694 

0.712 
0.7m 

$729 
t.737 
6.740 

6.766 

0.7oa 

- 

8.409 
8.418 
8.426 

8.436 
8.444 
8.462 

8.461 
8.MQ 
8.478 

8.487 

8.496 
8.604 
8.613 

8.621 
8.W 
8.639 

8.647 
8.m 
8.606 

8.673 

8. w 
8.6981 
8.699 

8.808 
8.617 
8.6% 

8. e34 
8. e43 
8.851 

8.680 

- 
- 

- 
- 

- - 
D - 

,015 
, G24 
.632 

.041 

. H a  

.658 

.087 
,075 
.084 

.693 

,701 
.710 
.719 

* 727 
.730 
,146 

.1h+ 

.702 

.77I 

* 779 

- 
- 

- 

2.426 3.291 4. 167 

2.433 
2.442 
2.461 

2.469 
2.468 
2.477 

2.485 
2.494 
2. m3 

2.611 
- 

3.289 
a. 308 
3.317 

3.325 
3.334 
3.343 

3.361 
3.380 

3.377 

3. a09 - 

4. 1Bd 
4.171 
4.lU 

4.191 
4. m 
4.m 

4.211 4.m 
4.23! 

4.243 
- 

6. o a i  
8.040 
6.049 

5.067 
6.088 
6.076 

6.008 
6.092 
5.101 

6.109 
- 

6.807 
6,800 
6.016 

6.823 
G. 832 
6.041 

6.949 
5.858 
6.887 

8.976 

6.884 
6.993 
6.001 

6.010 
6.018 

6.030 
6.046 
6.053 

- 
- 

6. on 

6. 703 
0.772 
0.781 

0.789 
6. 798 
6.807 

6.816 
0.824 
6.833 

6.841 

6 . M  
6.869 
6.867 

0.876 
6.886 
0.893 

0.802 
0.911 
6.919 

- 
- 

* 788 
.797 
,806 

.814 

.82( 
* 831 

.&io 

.E48 

.a57 

.800 
- 
- 

0 - 

1.864 
1.883 
1.671 

1.880 
1.889 
1.697 

1.700 
1.716 
1.723 

1.732 
- - 

1 - 

2.620 
2.628 
2. b37 

2.ME 
2.666 
2.603 

2.671 
2.681 
2.589 

3.388 
3.396 
3.403 

3.412 
3.421 
3.428 

3.438 
8.447 
a. 456 

3.464 
- 
- 
s - 

4. I2 
4.281 
4.28c 

4. z i t  
4.m 
4.291 

4. m 
4.311 
4.321 

4.33 
- 
- 

4 - 

5.118 
1.127 
6.136 

6.144 
6.163 
6.181 

6.170 
6.179 
6.187 - 
6. im - 

b - 
2.6W - 
Q - 

6.062 - 
8 - 

6.928 - 
1 - 
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Table lQ.--Producte for Form 194-Continued 
[Multlpller-sh 76"-0.966] - - 

8 - 
7.728 

- - 
2 - 

1.932 

1.942 
1.951 
1.901 

1.871 
1.980 
1. Qw 
2. ooo 
2.008 
2.018 

- 

- - 
9 - 

2.898 

- - 
7 - 

6.762 

.OlO 

.018 

.028 

.038 

.048 

. o s  
,068 
.077 
.087 

.976 

.885 

.885 

1.005 
1.014 
1.024 

1.034 
1.043 
1.053 

2.008 
2.917 
2 . W  

2.937 
2. 940 
2.958 

2.868 
2.976 
2.886 

3.874 
3.883 
3.893 

3.803 
3.U12 
3.922 

3.932 
3.941 
3.951 

4.840 
4.84u 
4.858 

4.809 
4.878 
4.888 

4.898 
4.807 
4.917 

6.806 
8.816 
5.825 

6.  836 
5.844 
6.864 

6.804 
6.873 
8. 883 

6.772 
6.781 
ti. 791 

6.801 
6.810 
6.820 

6.830 
0.838 
6. 848 

6.858 

6.888 
6.878 
6.888 

6.897 
6.807 
6.917 

6.936 
6.946 

6.965 

- 
- 

6.920 

- 

7.738 
7.747 
7.787 

7.707 
7. 776 
7.788 

7.796 
7.805 
7.816 

8.704 
8.713 
8.723 

8.783 
8.74a 
8.762 

8.762 
8.771 
8.781 

8.781 

8. m 
8.810 
8.820 

8.829 
8 . 8 0  
8.849 

8.m 
8.868 
8.878 

8.887 

- - 

- 

. 097 1.063 2.029 2.886 

3.004 
3.014 
3.024 

3.033 
3.043 
3.063 

3.062 
3.072 
3.082 

3.081 

- 

- 

3.961 

3.970 
3.980 
3. Dw) 

3.8BB 
4.008 
4.018 

4.028 
4.038 
4.048 

4.067 

- 

- 

4.927 

4.836 
4.946 
4.956 

4.805 
4.976 
4.886 

4.904 
5.004 
1.014 

6,023 

- 

- 

6.883 

6.802 
6.912 
6.922 

5.931 
6.941 
5.951 

6.W 
5.970 
6.980 

6.888 

- 

- 

7.825 

7.834 
7.844 
7.864 

7.803 
7.873 
7.883 

7.882 
7. w 2  
7.912 

- 
.lo6 
.I16 
.la3 

,135 
.145 
,156 

.164 
,174 
.184 

.193 
- 
- 
,203 
.213 
,222 

,272 
,242 
,251 

,281 
,270 
.280 

.2m 
- 

1.072 
1.082 
1.092 

1.101 
1.111 
1.121 

1.130 
1.140 
1.150 

2.038 
2.048 
2.058 

2.087 
2.077 
2.087 

2. OM 
2.106 
2.116 

2.126 
- 

1.169 

1.169 
1.179 
1.188 

1.198 
1.208 
1.217 

1.227 
1.236 
1.246 

- 7.021 
2.136 
2.146 
2.164 

2. 104 
2.174 
2.183 

2.183 

2.212 
2. 202 

a. 101 
3.120 
3.111 

3.130 
3.140 
3.149 

3.188 
3.178 

a. 159 

4.007 
4.077 
4.088 

4. 108 
4.111 

4.125 
4.134 
4.144 

4.090 

6.033 

1.052 

6.062 
6.072 
6.081 

6.091 
5. 100 
6.110 

6.043 

- 
6. 120 - 
6.128 
6.139 
6.149 

6.158 
5.188 
6.178 

6.187 
6.197 

6.216 

6.207 - 

6.999 
6.008 
6.018 

6.028 
6.038 
6.047 

6.057 
6.088 
0.070 

6. 966 
6.975 
8.884 

6. 884 
7.004 
7.013 

7.023 
7.032 
7.042 

7.031 
7.941 
7.960 

7. m 
7.970 
7.978 

7. we 
7. QQ8 
8.008 

8.018 

8. on 
8.037 
8.047 

8. OM 
8.066 
8.076 

8. om 
8.096 
8.105 

8.114 

- 
- 

- 

8.897 
8.907 
8.916 

8.9% 

8.046 

8. 9P 
8. Bo( 
8.974 

8.884 

8. QQ3 
8. m 3  

8. 022 
8. 032 
8.042 

9.061 
8. 081 
9.071 

8.080 

b000 8' loo 
0: 109 

8 119 
9 128 
9: 138 

8 148 D' 12 
e: 167 
6.177 

8. ga6 

- - 
8. 013 

- 
/ 

4 - 
9 
4 

1.254 2.222 3.188 4.164 

4.163 

4.183 

4.192 

4.212 

4.221 
4.231 
4.241 

4. w) 

- 
4. 17a 

4.202 

- 

6.080 

6.085 
6.106 
6.116 

6.124 
6.134 
6.144 

6.163 
6.163 
6.173 

6.182 

- 

- 

7.062 

7.061 
7.071 
7.081 

7.080 
7. 100 
7.110 

7.118 
7.128 
7.138 

7.148 

- 

- 

,288 
.30B 
.319 

. a38 

.348 

.357 . a87 

.377 

.328 

1.m 
1.276 
1.286 

1.284 
1.304 
1.314 

1.323 
1. a33 
1.343 

1.352 

I. 362 
1.372 
1.381 

I. 391 
1.401 
1.410 

1.420 
1.430 
1.439 

1.449 

- 
- 

- 
- 

1 - 

2.231 
2.241 
2.251 

2.280 
2.270 
2.280 

2.288 
2.288 
2308 

2.318 

2.328 
2.338 
2.347 

2.357 
2.367 
2.376 

2.388 
2.388 
2.406 

2.41 6 

- 
- 

- 
- 
I - 

3.197 

3.217 

3.226 
3.230 

3.207 

a. 246 
a. 266 
a. 286 
a. - 
3.284 .%el 

.406 
,416 

.425 

.436 

.444 

.454 

.464 

.483 

- . am 

.47a - 
- 

0 - 

3.204 
3.304 
3.313 

3.333 
3.342 

3.312 
3.362 
3.371 

a. 323 

4.280 
4.270 
4. 279 

4.289 
4.299 
4.308 

4.318 
4.328 
4. a37 

6.m 
6.238 
6.246 

6.256 
6.266 
6.274 

8.284 
h. 284 
6. a03 

6,313 
- - 

6 

6.182 

6.211 

6.221 
6.231 
6.240 

6.250 
6.280 
6.289 

6.202 
7.158 
7.188 
7.177 

7.187 
7.187 
7.208 

7.216 
7. ne 
7.236 

8.124 

8.143 

8.163 
8.163 
8.172 

8.182 
8.192 

8. la4 

8.201 

3.381 - 
a - 

4. a47 - 
4 

6.278 - 
e - 

7.246 - 
7 - 

8.211 - 
8 - 
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Table 19.-Product8 tor Form 194-Continued 
[Multlpller=sln 7Ko-0.B66] 

2.898 - 
e - 

4.743 
4.763 
4.702 

4.772 
4.782 
4.791 

4. A01 
4.811 
4. 820 

4.830 
- 
- 

6.709 
6.719 
6.728 

6.724 
5.748 
6.767 

6.707 
6.777 
6.788 

5.790 
- 
- 

7.041 
7.051 
7.880 

7.070 
i. 080 
7. RB9 

7. e99 
7.709 
7.718 

7.728 
- 
- 

7 

8.414 
8.424 
8.433 

8.443 
8.462 
8.402 

8.472 
8.481 
8.491 

8.601 

8.610 
8.620 
8. b30 

8.639 
8.549 
8.669 

8.608 
8.678 
8. m 
8.697 

8.807 
8.017 
8.020 

8.836 
8.040 
8.0M 

8.666 
8.076 
8.884 

8.094 

- 
- 

- 
- 

- - 
8 

- - 
7 - 

7.245 

7.255 
7.264 
7.274 

7.284 
7.283 
7.303 

7.313 
7.322 
7.332 

7.342 

7.351 
7.361 
7.371 

7.380 
7.300 
7.400 

7.409 
7.419 
7.428 

7.438 

7.448 
7.458 
7.407 

7.477 
7.480 
7.496 

7. 508 
7.616 
7.625 

- 

- 
- 

- 
- 

- - 
8 - 

8.211 

8.221 
8.230 
8.240 

8.2w 
8.259 
8.209 

8.279 
8.288 
8.288 

8.308 

8.317 
0.327 
8.33i 

8.340 
8.350 
8.306 

8.376 
8.385 
8.386 

8.404 

- 

- 
- 

- 

- - 
0 - 

I. 483 

- - 
1 - 

1.449 

1.459 
1.408 
1.478 

1.488 
1.497 
1.607 

1.617 
1.620 
1.630 

1.646 

- 

- 

- - 
e - 

2.416 

2.425 
2.434 
2.444 

2.454 
2.403 
2.473 

2.483 
2.482 
2. 602 

2.612 

- 

- 

- - 
3 - 

3.381 

3.391 
3.400 
3.410 

3.420 
3.428 
3.439 

3.449 
3.458 
3.408 

3.478 

- 

- 

- - 
4 - 

4.347 

4.367 
4.380 
4.370 

4.380 
4.385 
4.405 

4.416 
4.424 
4.434 

4.444 

- 

- 

- - 
6 - 

6.313 

6.323 
6.332 
6.342 

6.352 
6.361 
6.371 

5.381 
5.300 
6.400 

6.410 

- 

- 

- - 
8 - 

0.279 

0.289 
0. 298 
0.308 

0.318 
0.327 
8.337 

e. 347 
0.350 
0.360 

0.378 

- 

- 

9.187 
9.196 
9. #)8 

9.210 
9.225 
9.236 

9.246 
9.254 
9.284 

9.274 

9.283 
9.283 
9.303 

9.312 
9.322 
9.332 

9.341 
9.351 
9.301 

- 
- 

- 
9. a70 

.493 

. a 2  

.612 

.622 .a31 

.541 

.551 

.so 

.670 

.580 
- 

.689 . 699 

.(io0 

.018 

.028 .w 

.047 

.067 

.687 

1.565 
1.505 
1.576 

1.684 
1.594 
1.w 

1.813 
1.023 
1.833 

2.521 
2.531 
2.641 

2.650 
2. EGO 
2.670 

2.679 
2. 689 
2.699 

3.487 
3.407 
3. 607 

3.510 
3.620 
3.630 

3.646 
3.555 
3. 685 

4.453 
4.403 
4.473 

4.482 
4.492 
4.602 

4.611 
4.521 
4.531 

4. MO 
- 

6.419 
5.428 
6.439 

6.448 
6.468 
6,4011 

6.477 
6.487 
6. 497 

6.385 
0.395 
0.405 

0.414 
0.424 
0.434 

0.443 
0.453 
0.403 

.070 1.042 2.808 3.674 6. 508 0.472 

.680 

.0Bo 

.706 

.716 

.724 
* 734 

.744 

.763 

.703 

1.052 
1.082 
1.871 

1.881 
1. 090 
1.700 

1.710 
1.719 
1. 729 

2.018 
2.028 
2.037 

2.047 
2.050 
2. e00 

2.070 
2.885 
2.096 

3.684 
3.694 

3.013 
3.022 
3.032 

3.642 
3.051 
3.681 

a. 003 
4.660 
4. m 
4.569 

4.679 
4.588 
1. lies 

4. (io8 
4.017 
4.027 

6.610 
6.526 
6.636 

6.546 
6. M1 
6.664 

6.674 
6.683 
6.693 

6.003 

6.012 
6.022 
5.032 

6.041 
5.061 
6.881 

6.070 
5.080 
6. 090 

- 
- 

- 
6. aog 

0.482 
6.492 
0. Eo1 

e. 611 
0. sm 
0.630 

0.540 
e. 5iQ 
0. KKQ 

9.380 
9.380 
9.399 

9.409 
9.418 
9.428 

9.438 
9.447 
9.457 

.773 - 

.782 

.792 

.802 

* 811 
.821 
.831 

'840 
.850 
.m 

1.739 

1.748 
1.768 
1.708 

1.777 
1.787 
1.797 

1. BMI 
1.818 
1.820 

1.836 

- 

- 

2.706 

2.714 
2.724 
2.734 

2.743 
2.763 
2. 703 

2.772 
2.782 
2.792 

2.801 

- 

- 

3.071 - 
3.880 
3.090 
3.700 

8.709 
3.719 
3.729 

3.738 
3.748 
3.758 

3.707 
- 

4.037 

4.046 
4.866 
4.680 

4.076 
4. 086 
4.096 

4.704 
4.714 
4.724 

4.733 

- 

- 

0.680 

0.67E 
6.W 
0 . 6 W  

0.M7 
0.017 
0. en 

4.640 
0.W 

0. BB( 

- 

0. o3r 

- 

7.536 

7.644 
7.654 
7. E64 

7.673 
7.683 
7.693 

7.802 
7.012 
7.022 

7.031 

- 

- 

9.407 

9.476 
9 . a  
9.498 

9.606 
9.616 
9.626 

9.634 
9.644 
9.664 

9.603 

9. 67S 
9. b83 
9.693 

9. aoa 

- 

- 
- 

9 . m  
9. ea1 

9.031 
9.041 
9. Bso 

9.860 
- 
- 

0 

.a79 

.889 

.898 

.go8 

.918 

.927 

.937 

.947 

.9.M 

1.846 
1. ws 
1.864 

1.874 
1.884 
I.  893 

1. w)3 
1.913 
1.922 

2 811 
2.821 
2.830 

2.840 
2.850 
2. '959 

2. wx 
2.879 
2 . m  

3.777 
3.787 
3.760 

3.800 
3.810 
3.825 

3. R31 
3.845 
3.854 

0.076 
0.086 
0.094 

0.704 
0.714 
0 . 7 B  

0.733 
e. 743 
n. 762 

6. 702 
- 
- 

8 

.w - 
0 

1.032 - 
1 
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Gemldurn~h K a ,  d, M z ,  Na, 2N, RY, TY, 
Terdlurnal M3, MK, 2MK _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  
Quarter-diurnal Md, MN, MS.. __. ___. ~ .-. 
Blxthdiurnal ME.. . . . . . . . . . . . . . . . . . . . . . . . .  

DlilrnalJI KI MI 01 0 0 , P 1 .  QI, 2Q, PI 

Xi, lrf, ut, 26M. 

Eighth-diurnal MI _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

U. S. COAST A S D  GEODETIC SURVEY 

Table 20.-Augrnentlng factore 

t:gyE:- Logarlthm Remrirks 
-- 

1.0115 0.004872 Each tabulated solar hourly height 
used onca and once only In summa- 

1.0202 0.011220 tion; group cover8 one constltuent 
1.0472 0. Cmxm, hour; constltuent day reprasented by 
1.1107 0.045805 24 menns. 

1.0028 0.001241 

1.2092 0.082488 t 
SHORT-PERIOD CONSTITEENTR,* FORMULA (ROB) 

JI _ _ _ _ _ _ _ _  
KI _ _ _ _  _ _ _  
KY _ _ _ _ _ _ _  
La ...-.... 
MI _ _ _ _ _ _ _  
MY .______ 

MI _ _ _ _ _ _ _  
ML...... 
Mc _ _ _ _ _ _ _  
MI _ _ _ _ _ _ _  
NY.-. _ _ _ _  
2N. _ _ _ _ _ _  
01 - _ _ _ _ _ _ _  
00 _ _ _ _ _ _  

AUKment- 
Ing factor -- 

1.0031 
1.0028 
1.0116 

1.0112 
1.00'27 
1.0107 

1.0244 
1.WO 
1.1028 

1.1034 
1.0103 
1.0098 

1.0(125 
1.0033 

Logarlthm 

0.00134 
0.00126 
0.00500 

0.00482 
0.00ll6 
0.00484 

0.01047 
0.01864 
0.04251 

0.07MU)MK 
0.00447 

0.00107 
0.00144 

0.00430 

SIIORT-PERIOD CON4RTUENTS,* FORMULA (300) 

Augment- 
lng factor --- 

PI _ _ _ _ _ _ _  1.0028 
QI ._____ 1.0023 
2Q _ _ _ _ _ _  1.0021 

RY _ _ _ _ _  1.0116 
TI _ _ _ _ _ _  ~ 1.0115 
A1 -_-__-. 1.0111 

pi-. _ _ _ _ _  1.0100 
ua _ _ _ _ _ _ _  1.0104 
PI -_---_. 1.m 

.____ 1 . W  
2MK---. 1.0278 

M8 ____. 1.04M) 
2SM .... 1.0123 

M N  .... 1.M3i 

Each constituent hour of obserra- 
tlon perlod recalves one and 
onl one of solar hourly helghW 

* in t ie  summation; group covers 
one solar hour. each constituent 
day represenied by 24 means, 

Logarlthm I Remarks 

Mt .......... 
M8f..--..-. 
88 .--..-...- 

M m  ______._ 

8sa _ _ _ _ _ _ _ _  ~ 

0.00488 
0.00486 
0.00478 

0.00432 
0.00440 
0.00100 

0.01074 
0. O l o z l  
0.01933 

1.0205 O.Oo880 
1.0182 0.00825 

1 . W  0.00218 

1.0115 O.o(H97 

Dally sums used as unlta in tho summatlon for the divlnlod 
menns and all daily sums used. constituent month for Mm, Ivff, 

LOO20 0.00124 MSI, ind  conelltuent year for d a n d  Bsarepresentedby24means. 

0. 01835 
o.ca32 I I  

LONO-PERIOD CONSTITUENTS, FORMULA (403) 
-= 

Remarks 

ANNUAL AND BEMIANNUAL CONSTITUENTS, FORMULA (404) - - 
Remarks 

__c 

*For constituents SI, 81, Sa, etc., augmenting tactor Is unity. 
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68 
day8 

t i 4 . e  

87 106 
days days --- 

0 0 0  

+ n e  +io.i  

- - 
14 

days 
- 

0 

4-6.6 

t l 3 . Q  
t17.Q 
t l Q . 0  

t14 .7  
t 10.8 

+l. 6 
-3.6 

-12.6 

-18.4 
-18.8 
-18.8 

-2.8 

t i 7 . e  

+e. 4 

-a. 2 

-18.0 

-11. a 
+e. 6 

0 

10 

30 

60 

70 

00 

100 
110 
120 

130 
140 
160 

180 
170 
180 

Table 21.-Acceleration In epoch of KI due to  PI 
[Argument A - ~ P '  refere to beginnlag of serias] 

- 
180 

180 
a 3 2 0 0  

210 

4 0 2 2 0  
6 0 2 3 0  

240 

260 
8 0 2 8 0  no 

280 
280 
300 

310 
320 
a30 

340 
3M) 
380 

-2___ 

- - 
29 

days - 
0 

tll. 4 

t i e .  4 
tl8. 3 
t17.6 

+la. 2 
tll .  7 
+7.4 

+2.7 
-2.2 
-e. Q 

-11. a 
-14.8 
-17.6 

-18.3 

-12.1 

-4.7 
+3.9 
tll. 4 

-18.7 

- 

$8.4 
4-6.2 
$0.7 

-3.Q 
-8.2 

-12.0 

4-28 -0.6 
-1.2 -4.1 
-6.2 -7.2 

-8.7 -8.3 
-11.3 -10.2 
-12.6 -8.7 

$1.0 
$0.8 +o.e 

, 4  G.1 
-0.1 

2.4 4-2.0 $0.3 -0.8 
$1.7 44.8 -1.0 -2.0 
$0.8 -0.4 -2.2 -2 .g  

$0.1  -1.6 -3.2 -a,4 
-0.8 -28 -3.8 -3.3 
-1.0 -3.8 -3.8 -2.9 

- - 
134 

days - 
0 

+a. 1 

$3.4 
+l. 0 
-1.8 

-3.8 
-6. I 
-e. o 
-6.8 
-6.0 
-3.8 

-2.3 
-0.7 
$1.0 

-14.7 
-18.0 
-16.2 

I_ - 
189 

days 
L_ 

0 

so. Q 

-0.1 
-1.0 
-1.7 

-2.1 
-2.1 
-1. Q 

-1.6 
-1.0 
-0.5 

0.0 

$: ! 

$:: ! 

q3: 

+1.6 

+2.0 

-12.1 -8.1 
-IO. 1 -6.e 
-e.o -2.7 

i111 

-0.4 
-0.e 
-0.8 

-1.0 
-1.0 
-0.8 

days days day8 days days 
lQ2 I =l I I I 287 

-2.3 -4.0 -3.6 -2.2 
-2.8 -4.0 -2.7 -1.3 
-3.1 -3.6 -1.e -0.4 

-3.1 -2.6 -0.3 +0.7 
-2.6 -1.1 $0.8 +1.0 
-1.6 $0.6 +2.1 +2.6 

$0.2  a l ~ l e l o l o  +2.4 +3.Q +3.Q +3.S 

-0.1 -0.8 1+1.2 -0.1 1b.l 1.8 1+3.8 +3. 1 1+3.4 +3.1 

4 4 . 2  4-2.4 +3.Q +3.Q +3.3 

- - 
328 
days - 

0 

+l. e 
$0. Q 
0.0 

-1.0 

-1.7 
-2.0 
-2.1 

-1.0 
-1.6 
-1.1 

-0.5 

+O. 0 

+l. 1 
+l. e 
+1.Q 

+a. 0 
+l. e 

0. e 

+a. i 

Table 22.--Ratfo of lncteaee in amplitude of IC1 due to PI 
[Argument h-iv' refers to beglnning of series] 

I I I I I , ,  1 1 

14 
day0 

28 
days 

I 
day8 

106 
duys 

134 
days 

183 1 182 jn1 I WI 1278 1297 1 3 %  
days days days days days days days 

% . s i  .28 -p +O. 25 161 44.10 +o. oil -0.03 -0.101 -0.07 -0. i i i  -0.071 -0. W -0.01 0. 001 +o. 4-0.04 (UI+o. +O.M aI+o. $0.03 oi~-o.oz~-o.oz~-o.oi 0.00 -0.01 0.00 

9 . 1 3  0.06 -0.00 -0.16 -0.14 -0.07 0.00 $0.03 $0.02 -0.01 -0.03 -0.03 0.00 

44.03 -o.o8/ -0.1111 -0.08 -0.211 -0.17 -0.18 -0.101 -0.14 -0.131 -0.041 -0.08 M. $0.01 021 +o.ozI-o. M . 0 3  0.00 011-o. -0.03 041-0. -0.04 041-0. -0.03 oz1-g. 0.00 01 

-0.18 -0.26 -0.28 -0.17 -0.10 -0.01 $0. 03 $0.02 -0.02 -0.04 -0. OS -0.01 02 



230 

16 
days 

0 

+a. 2 

$7.2 
flO.8 
f13.7 

$it:: 
f ia .2  

S8.6 
+I.Q 
-6.5 

-11.2 
-14.6 
-16.6 

-14.7 
-124  
-9.1 

-1.1 
-6.3 

+a. 2 

0 

10 

80 

40 w 
Bo 

70 
80 
80 

100 
110 m 
la0 
140 1w 
160 
170 
160 

m 

- 

28 
days 

-- 
0 

+5.9 

+9.6 
+ I 2 6  
+14.6 

ti::: 
+e.a 
+3.7 -a.o 
-9.1 

-1a.z 
-16.0 
-14.7 

-129 
-10.0 
-6.4 

4-1.9 
-2) 

+5.9 

- 
180 

180 
200 
210 

220 
2ao 
240 

260 
260 

280 m 
8M) 

no 

ai0 am 
830 

wl 
860 am 

4 4 . 8  
4-0.8 
$0.7 

+0.6 
+0.2 
-0.2 
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Table 23.-Acceleration in epoch of Sa due to K, 
[Argument A-0'' refers to beginning of serlea] 

+2.6 +2.0 4 4 . 3  -0.6 
+2.0 +0.9 -0.8 -1.4 
4-1.2 -0.4 -1.8 -2.1 

-1.0 -2.0 -3.1 -2.8 
+O.I -1.8 -2.n - 2 n  

-1.9 -a.z -a.3 - 2 7  

-0.8 

-0.6 

-0.a 
-0.1 
+o.i 

-0.7 

\ 

- - 
68 

days 

-2.0 -1.7 -0.a 0.7 

-0.8 +.a + i . ~ + 2 4  

-0.1 +I. 3 +2.7 +z,s 
+0.7 +z.z +a.z +z.8 +].a +Z.Q +s.a + 2 4  

-1.5 -9.7 +0.8$1.6 

0 

1-10.1 

1-12 3 
1-13.2 
1-12. 6 

+9. 9 
4-68  
+O. 8 

-4.4 
-8.8 
-11.9 

-12.7 
-10.9 

-8.0 
-4.4 
-0.6 

+a. a 
+7.0 
tia 1 

-la. 2 

0 

+IO. 4 

1-10. 0 
$8. 4 
$6.7 

+2.6 
-1.1 
-4.6 

-7. 4 
-9.5 
-10.4 

-9.9 
-8.2 
-6.6 

-2.4 
+l. 0 
+4.4 

$87: : 
+lo. 4 

- - 
106 

days 

0 

t 8 . 0  

4-6.7 
t 4 . 7  
+z a 
-0.4 -a. o 
-6.4 

-7.2 
-8.3 
-8. a 
-7. a 
-6.2 
-2. 6 

z: : 
$6.0 

- - 
134 

days 

0 

4-3.2 

+2.0 
-0.6 
-0.9 

-2.2 
-3.4 
-4.4 

-4 .9 
-4.9 
-4.2 

-2.7 
-0.8 
+I. 2 

E: i 
+4. Q 

+4.8 
+r. 2 +a. 2 

- - 
163 

days 

0 

+o. 4 

0.0 
-0.6 
-0.9 

-1. 6 
-1.7 

-1.7 
-1.3 
-0.7 

0.0 
+0. 8 
+l. 4 

-I. a 

t:: ; 
G: : 
+I. 0 

+O. 4 

- - 
aze 

days 

0 

+O. Q 
+o. 5 

0.0 
-0.6 

-1.0 
-1.3 
-1.6 

-1.7 
-1.6 
-1. a 
-0.7 

0.0 +o. 8 

+1.7 

+].a 
+n. 8 

$:: ; 
+l. 6 

Table 24.--Ratio of increase in amplitude of Sa due to K, 
[Argument A-o" rofora to beglnnlog of serles] 4' ----- i M  I 183 I 192 I ni 1 w) 1 ne I m I 328 

days days days days days day8 days duys 

---I--I-I---I--I--l---l-- 

40 MI 220 2aol +O.Ol -0.081 -0.06 -0.141 -0.15 -0.191 -0.16 -0.161 -0.13 -0.111 -0.06 -0.031 +0.011 0.00 +O.OZ +0 .o~~-o .o i~ -o .o4 / - -o .~~-o .oz~  0.00 -0.03 -0.04 -0.03 0.00 0.00 

Bo 240 -0.17 -0.21 -0.21 -0.14 -0.09 -0.01 +O. 02 +O. 01 -0.02 -0.04 -0.02 -0.01 +O. 01 

70 2W -0.23 -0.26 -0.20 -0.10 -0.05 +0.02 44.03 + O . O l  -0.03 -0.03 -0.01 0.00 44.02 

90 !Z70 -0.26 -0.21 -0.10 $0.01 v . 0 5  W.08 0.06 0.00-0.01 0.00+0.02+0.04+O~O4 
80 1 260 I -0.27 1 -0.25 1 -0.16 I -0.06 I 0.00 I +0.06 1 pw/ o.~ ~ - o . o ~ ~ - o , o ~ ~  O . ~ ~ ~ + ~ . O Z ~ + O . O ~  
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YO 
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la0 
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1W 
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2m 
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280 
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800 

m 

m 

1m 

1m 

no 

ai0 
azo 

a40 
aw 

380 

a00 - 

- 
16 

- 
0 

-0.4 

-1.0 
-1.6 
-2.0 

-2.4 
-2. 7 
-8.0 

-8.2 
-a. 4 
-a. 4 

-2. a 
-3 3 
-8.1 

-2.4 
-1.9 
-1.4 

-0.2 
to. 6 

fl. 1 
+l. 0 
4-2.1 

t2. 0 
4-2. 9 
4-3.2 

+a. a 

f3.2 
t2. 9 
f2.6 

-0. a 

E: : 

g: ; 
E! 
fl. 2 

-0.4 
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Table 2S.-Acceleratfon in epoch of S, due to  T, 
(Argument h--R mtm to bcgfnnfng of sertes] - 

28 
days - 

0 

-0 .8 

-1.3 
-1.8 
-2 2 

-2.0 
-2.9 
-3.2 

-a  a 
-a. 3 

-a. 1 

-3.3 

-2.8 
-2.6 

-2 0 
-1.6 
-a 9 

-0.3 

9 . 9  

+1.6 
s2.0 
+a 4 
+2.8 
+a. 1 
+a. a 

+3. a +a. 2 

+a. o 
+2. 7 
+2.3 

$1.9 
+I. 4 
+o. 8 

+o. 3 
-0.2 
-0.8 

$0. a 

+3.3 

- 
M) 

days - 
0 

-1. r. 
-1.9 
-2. 2 
-2.7 

- l o  
-3. I 
-3.2 

-3. 1 
-2.9 

-2.6 
-2.2 
-1.8 

-1.2 
-0. 7 
-0.1 

so. 6 
+I. 1 
+I. 0 

$2.1 
+2.6 
$2 8 

+a. 1 
$8.2 
$3.2 

+a. 2 
+3.0 
+2. a 

-a. 2 

S t  ; 
+1.0 

+l. 1 
$0.0 +o. 1 
-0.6 
-1.0 
-1. 6 

- 
87 

dam - 
0 

-2.0 

-2.4 
-2. 7 
-2.9 

-3.0 

-8.0 

-2.9 
-2.0 

-1.9 
--I. 4 
-0.9 

-0.4 
+o. 2 
+ a 7  
+l. 2 
+I.  7 
+2 2 

+2. 6 
$ 2 8  +a. o 
+a. 1 
+a. o 
+3.0 

+2 8 
+2.6 
$2.2 

$1.8 
$1.3 
9. 9 

9 . 4  
-0.2 
-0.7 

-1.1 
-1.6 
-2.0 

-a. i 

-2. a 

- 
105 

days - 
0 

-2.2 

-2.6 
-2. 7 
-2.9 

-2.9 
-2 9 
-2. a 
-2 6 
-2.2 
-1.9 

-1.4 
-1.0 
-0.4 

+o. 1 
+o. 6 
+1.1 

+I. 6 
+2. 0 
f2.3 

+2.6 
+2 8 
$3.0 

E ! 
+2.7 

+2. 6 
+2 1 
+I. 8 

+l. 4 +o. 9 
+o. 4 
-0.1 
-0.0 
-1.0 

-1. 6 
-1.0 
-2 2 

- 
134 

days - 
0 

-2.4 

-2. 1 

-2.7 

-2.0 
-2.4 
-2 2 

-1.9 
-1.6 
-1.1 

-0.7 

+o. 8 

+I. 2 
+l. 0 

+I. 9 
+2.2 
-1-2 6 

4-2.8 
+2.7 
+2.6 

4-2. 6 
+2.4 
+2. 1 

-2.0, 

-0. a 

+o. a 

$:: : 
2: 
+I. 1 

so. 6 

-0.7 
-1.1 
-1.6 

-1.9 
-2.2 
-2.4 

- 
163 

days - 
0 

-2.8 

-2.4 

-2. 2 

-2.0 
-1.8 
-1.6 

-1.2 
-0.8 
-0.4 

0.0 
$0.4 

-2 a 

+o. a 

$:: i 
+I. 8 

+2.1 
+2 2 
+2.3 

$2.4 
+2. a 
+2.2 

+2 0 
+l. 8 
+I. 6 

+I.  2 
+o. 8 so. 4 

0.0 
-0.4 
-0.8 

-1.2 
-1. 6 

-2.0 
-2 2 

-I. a 

-2 a 

- - 
102 

days 
- 

0 

-2.0 

-2.0 
-1.8 
-1.7 

-1.4 
-1.2 
-0.0 

-0.6 
-0.2 
+o. 2 

$0.6 so. 8 
+l. 1 

+l. 4 
+1.6 
+I. 8 

+2.0 
+a. 0 
+2.0 

+2.0 
+l. 8 
+I. 7 
+l. 6 
+1.2 
9. 9 

+o. 5 
+o. 2 
-0.2 

-0.6 
-0.8 
-1.1 

-1.4 
-1.7 
-1.8 

-2.0 
-2 0 
-2.0 - 

- - 
221 

days - 
0 

-1.5 

-1.4 
-1.3 
-1.1 

-0.8 
-0.6 
-0.3 

0.0 
+o. 3 so. 6 

+o. 8 
+1.0 
+I. 2 

+l. 4 
+I. 6 
+l. 6 

+1.7 

$:: B" 
+I. 6 
+I. 3 
$1.1 

+o. 9 
+o. 0 
+o. 3 

0.0 
-0. a 
-0.0 

-0. a 
-1. 1 
-1. a 
-1.4 
-1.6 
-1.0 

-1.7 
-1.0 
-1.6 - 

- - 
2w 

days - 
0 

-1.1 

-0.9 
-0.7 
-0.6 

-0.4 
-0.2 
+o. 1 

so. 3 
+o. 6 
+o. 7 

+o. 9 
+l. 0 
+I.  1 

$1.2 
+l. 8 
+I. a 
+I. a 
+I. 2 
+1.1 

$1.0 
+o. 8 +o. e 
9 . 4  
+o. 2 
-0. 1 

-0. a 
-0.6 
-0.7 

-0.9 
-1.1 
-1.2 

-1.8 

-1.3 

-1.3 
-1.2 
-1.1 

-1. a 

- 

- - 
no 

days - 
0 

-0.6 

-0.6 

-0.2 

0.0 
+o. 1 
+ o 3  

+a 4 
+o. 6 
+o. 7 

$0.8 
+o. 9 
+o. 9 

+o. 9 
+o. 9 
+o. 9 

+o. 8 
+o. 8 so. 7 

+o. 6 
+o. 4 
$0.2 

0.0 
-0.1 
-0.3 

-0.4 
-0.0 
-0.7 

-0.8 
-0.9 
-0.9 

-0.9 
-0.8 
-0.0 

-0.8 
-0.7 

-0. a 

-a 6 - 

- 
287 

days - 
0 

-0.4 

-0. a 
-0.2 

0.0 

so. 1 
+o. 2 so. 3 

+o. 4 so. 6 
+ o s  6 

G: ; 
G: ; 
so. 7 

so. 7 

+o. 6 
$0.6 
+o. 4 
+o. 8 
+o. 2 
0.0 

-0.1 
-0.2 

-0.4 
-0.6 
-0.6 

-0.7 
-0.7 
-0.7 

-0.7 
-0.7 
-0.6 

-0.6 
-0.6 

-0. a 

-a 4 - 

231. 

- 
3243 

days - 
0 

-0.1 

-0 1 
0.0 

+o. 1 

+o. 1 

G: 
+o. 4 
+o. 4 
+o. 4 so. 4 

+o. 4 
so. 3 
+a 2 so. 2 so. 1 

+o. 1 
0.0 

-0. 1 

-0.1 

+o. a 

-0. a 
-0. a 

-0. a 
-a 2 

-0.4 

-0.4 
-0.4 
-0.4 

-a 4 
-0.3 

-0.2 
-0.2 
-a 1 

-0. a 

- 
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16 
days 

1.08 

1.08 
1.05 
1.06 

1.04 
1.03 
1.02 

1.01 
1.00 
1.00 

0. 99 
0.98 
0.97 

0.95 
0.95 

0.w 
0.04 
0.w 

0. Q5 
0.95 

0.m 

0. m 
0.m 
0.97 
0.88 

0.99 
1.00 
1.01 

1.02 
1.03 
1.04 

1.04 
1.05 
1.06 

1.08 
1.08 
1.06 

a \ 
0 

10 

a0 

40 
50 
60 

70 
80 

100 
110 

130 
140 
160 

160 
170 
180 

200 
210 

220 
Po 
240 

360 
260 
270 

280 
280 
300 

310 

330 

340 
350 
380 

m 

m 

im 

im 

3x1 

28 
d a y  

1.08 

1.05 
1.05 
1.04 

1.03 
1.03 
1.02 

1.01 
1.00 
0.99 

0.98 
0.97 
0.w 

0.95 
0.w 

0.94 
0.w 
0.84 

0.95 
0.95 

-- 

0.95 

0.86 

0.97 
0.98 
0.99 

1.00 
1.01 
1.02 

1.03 
1.03 
1.04 

1.05 
1.05 
1.06 

1.W) 
1.08 
1.00 
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Table 26.-Reeultant amplitude of S, due to TI 
[Argument h-p1 refers to beginning of series] 

192 
days 

1.00 

0. 99 
0.99 
0.98 

0.98 
0.97 
0.97 

0.97 
0.97 
0.97 

0.97 
0.87 
0.97 

0.88 
0.88 
0.98 

0.99 
1.03 
1.00 

1.01 
1.02 
1.02 

1.03 
1.03 
1.03 

1.04 
1.04 
1.04 

1.04 
1.03 
1.03 

1.03 
1.02 
1.02 

1.01 
1.00 
1.00 

221 
days 

-__. 

0.99 

0.99 
0.98 
0.88 

0.98 
0.97 
0.97 

0.97 
0.87 
0.97 

0.98 
0.98 
0.w 

0.99 
0.99 
1.00 

1.00 
1.01 
1.01 

1.01 
1.02 
1.02 

1.03 
1.03 
1.03 

1.03 
1.03 
1.03 

1.03 
1.02 
1.02 

1.02 
1.01 
1.01 

1.00 
1.00 
0.99 

1.05 

1.05 
1.04 
1.03 

1.02 
1.01 
1.00 

0. 99 
0.88 
0.97 

0.9; 
0. 80 
0.05 

0.95 
0.84 
0. w 
0.94 
0.95 
0.95 

0. m 
0. m 
0. O i  

0. 88 
0.99 
1.00 

1.01 
1.02 
1.03 

1.04 
1.04 
1.05 

1.05 
1.08 
1.08 

1.06 
1.05 
1.05 
- 

- - 
87 

day8 

1. 04 

1.03 
1.03 
1.02 

1.01 
1.00 
0.99 

0.88 
0.97 

0. 80 
0.95 
0.95 

0.95 
0.95 
0.95 

0.95 

0. m 

0. m 
0. m 
0.87 
0.88 
0.99 

1.00 
1.00 
1.01 

1.02 
1.03 
1.04 

1. 04 
1.05 
1.05 

1.05 
1.06 
1.05 

1.05 
1.05 
1.04 
- 

- - 
106 

days 

I. 03 

1.03 
1.02 
1.01 

1.00 
0.99 
0.08 

0. Q7 
0.97 

0.80 
0.95 
0.95 

0.95 
0.95 
0.95 

0. 80 

0. 9 i  

0.98 
0. 99 
0. 99 

1.00 
1.01 
1. 02 

1. 03 
1.04 
1.04 

1.05 
1.05 
1.06 

1.05 
1.05 
1.05 

1.05 
1.04 
1.03 

0. m 

0. m 

- - 
134 

days 

1. 02 

1.01 
1. 00 
1.00 

0.99 
0.98 
0.97 

0.97 
0. Bo 

0.80 
0. OS 
0.95 

0.80 
0.80 

0.97 
0.97 
0.08 

0.99 
1.00 
1.01 

1.01 
1.02 
1.03 

1.04 
1.04 
1.04 
1.05 
1.05 
1.05 

1.05 
1.04 
1.04 

1.03 
1.03 
1.02 

0. m 

0. m 

~ - 
lQ3 

days 

1.01 

1.00 
0. 99 
0.99 

0.98 
0.97 
0.97 

0. 80 
0. m 
0. m 
0.90 
0.80 
0.80 

0. 97 
0.97 
0.97 

0.98 
0. 99 

1.00 
1.01 
1.02 

1.02 
1.03 
1.03 

1.04 
1.04 
1.04 

1.04 
1.04 
1.04 

1.04 
1.03 
1.03 

1.02 
1.02 
1.01 

0. 99 

- - 
w) 
jays 
- 
0.99 

0.99 
0.98 
0.98 

0.98 
0.88 
0.88 

0.68 
0.88 
0.98 

0. MI 
0.99 
0. w 
0. QQ 
0. 99 
1.00 

1.01 
1.01 
1.01 

1.02 
1.02 
1.02 

1.02 
1.02 
1.02 

1.02 
1.02 
1.02 

1.02 
1.01 
1.01 

1.01 
1.00 
1.00 

1.00 
0.99 
0.69 

- - 
Z7Q 

days 

0. 99 

0.88 
0.88 
0.98 

0.98 
0.88 
0.99 

0.99 
0. 99 

0.99 
0.99 
1.00 

1.00 
1.00 
1.01 

1.01 
1.01 
1.01 

1.02 
1.02 
1.02 

1.02 
1.02 
1.02 

1.02 
1.01 
1.01 

1.01 
1.01 
1.00 

1.00 
1.00 
1.00 

0. 99 
0.88 
0. 88 

- 

0. 99 

- 

- - 
287 

days 

0. 99 

0.99 
0.99 
0.99 

0. 99 

0.88 

0. 99 
0. 99 
0. 99 

1. 00 
1.00 
1.00 

1.00 
1.00 
1.01 

1:01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.00 
1.00 

1.00 
1.00 
1.00 

0.99 
0. 99 
0.99 

- 

0. 99 

- 

5 

3% 
aYs 

0.99 

0.90 
0.90 
0. w 
0. 90 
1.00 
1.00 

1.00 
1.00 
1.00 

1.00 
1.00 
1.00 

1.00 
1. 00 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.01 
1.01 

1.01 
1.00 
1.00 

1. 00 
1.00 
1. 00 

1.00 
1.00 
1.00 

1.00 
1.00 
0. Bo 

- 

- 



- 
c_ 

Nature 
numbet 

. . . . -. . . . 
0. 0M)O 
7.1781 

I .  6441 

7,0533 
7.7404 
7.8130 !. R7hl 
I .  WJ5 

7. 0778 

X. MU7 

z. 39na 

8 . o m  

n. 0970 n. 1304 

8.1014 
R. 1804 
A. 217h 
8.2431 
H. 2872 

8. Mol 
R. SI I8 

8.9521 
8,3711 

H. 3802 
R, 40MI 
x. 4294 
8.43M 
n. 4540 

R. .lwl 
x. 4 ~ 4 3  
8 . 4 W  
H. hl IO 
8.5251 

8. ,5370 
8.6.503 
R. MW 
H. 6741 
8.6&15 

R. sw7 
8.0075 
8.0181 

8.0381i 

8. 0484 
8. tu331 
A. 0076 

8. 3325 

a. 0234 

0.000 . (lo1 
.oo2 
.003 
.004 

,005 
. 000 
.oo7 . 008 
I MU 

,010 
.011 
.o12 
,018 
,014 

.016 . u10 
,017 

,010 

. 020 

.021 
' 022 
,028 
.024 

.02h .om 
I ow 
,02u 

. ll:{o 
, 03 1 
* 032 
I033 
,034 

.035 

.OM . I137 
,0.w 
,030 

,040 
,041 
,042 
,043 
.044 

I 046 
I MO 
I 047 

,040 

. ow 

.oin 

.on 

.om 

, 
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Table Zi'.-Critical logar i thms for F o r m  245 

n. 7202 
8.7284 

R. 7365 
8.7443 

A. ih07 
8.iO72 

8.7740 
8.7818 
8.78R9 
8.7950 

8.8080 
8.8103 
8.8228 

H. 8357 

8.8420 

n.8544 

n. 7521 

n. 8028 

R. nm 

8. x482 

I&@- Natura 
rithm numb1 -- il 

' 

0.0102 
9.0213 
0.0274 1 
0.0315 
0.0355 ' 

9.0395 
0.0434 
9.04i3 
9.0512 
9.0S5l 

0.0589 1 
9.OR20 
0.ow I 

0.0% 
,051 

.Oh: 

.Oh! 

. ob! 

. ost 

.0.5; 

.05L 

.05( 

.ON 

. ORI . w: .w . (104 

. M I !  

.oo( 

. Mi . imt 
, on< 
. O X  
.071 
.07i 
.a73 
.074 

. 076 

.07fl 
,077 
.076 
.07U 

,080 

. O B  . 084 

,035 
,080 . 087 
. OM 

.05: 

.OBI . on2 

. on9 

.ow 

.oQI 
,002 . OD3 
,094 

* 081, . ow 
,007 
.ogs .ow 
. loo 

i 

9.2241 
0. 2207 

0.2282 
9.2318 
9.2343 
9.230R 
9.2394 

9.2410 
0.2443 

9.2403 
0.240~1 

0. loo 
,101 
,101 . 103 
,104 

.IUS 

.I00 . 107 . l0E . IO(1 

.I10 

. I l l  

.I12 . 113 . 114 

. 115 

. I  IO . 117 . 1 I H  
.11u 

. l a  
,121 
,122 
. 123 . 124 

. 12.5 . 120 . In 
,128 
,120 

. 130 . ta l  

.I32 . 133 
.I34 

.I35 
,130 . 137 
. I38  . 139 

. 140 . 141 . 142 . 143 . 144 

.I46 
,140 
.147 

. 149 

.I50 

,148 

, 

1 0.1021 ! 
'J.10.50 ! 
9.1000 

0. 150 
.I61 . IS2 
,163 . 1.%1 

. 1.55 . 1.w 

. 1.57 

. IS8 . 150 

. loo . 101 

.I02 . 103 . 1R4 

,105 . IC4 . 107 
.IO8 . I00 

.I70 . l i l  . l i 2  

.la . l i 4  

. 175 . I70 

. 177 
, IiR . 179 

. l<W . I R I  . I n 2  . 1M 
,184 

,185 
,188 

.I88 

.I80 

,190 
.19t . 192 
.I03 
,194 

.I95 
,188 
,107 
. 19R 
. I 8 8  

.Po 

. i n 7  

8.SO40 

R. go04 
x BUN 
8.9112 

n. 021 7 

n. 0371 

8.9165 

8.9209 
8. LL120 

8.9421 

I 

0.200 
,201 
.202 
.203 
.2a4 

.M5 
,200 
.a37 
.a38 .m 
,210 
,211 
.212 
.213 
.214 

,2111 
.210 
.211 

,219 

.220 
,221 .m 
. P 3  .n4 
,225 
,220 
,227 
.228 .no 
,230 
.231 
.232 .m 
, 2 3 4  

.235 . 'BO 
,237 . m  
,230 

.240 

.241 
,242 
.243 
,244 

,245 
.246 
,247 
.248 
.249 

,224 

.21a 

233 

- - 
Loga- 
rithm - 

9.3000 
0. 3022 
0.3043 
9. m.5 
0.3080 

9.3107 
9.3128 
9.3184 

U.31W.2 

0.3212 
9.3233 
9.3254 
9.3274 
9.3285 

9.3315 
9.3335 
8.3365 
9.3375 
9.3395 

0.3416 
9.3435 
9.34M 
9.3474 
9.3493 

9.3613 
9 . 3 m  
0.3E.51 
U. 3570 
9.3589 

9.3808 
9.3827 
0.3MG 
0.3065 
9.3883 

0.3702 

0.3739 
0.3757 
9.377s 

9.3794 
0.3812 
9.3850 
U. 3848 
9.3888 

9.3883 
9.3001 
9.3919 
0.3838 
0.3954 

9.3971 

0.3171 

o. 3720 

- 



Table 28.-Constituent speed differences (b-a) and log (b-a) 
DXUILNAL CON3TIWULXTS 

-L560210 
0.193200 

0 
0 

+O. 544375 
9. '135898 

-1.601338 
0.- 

KI 

-2104645 
0.3B178 

-0.544376 
9.735398 

0 
0 

-2 145714 
0.331572 

~~~ 

-0.544375 
9.735898 

0 
u 

+a 644375 
9.735898 

+I. OQ7033 
0. w 1 5  

-1.088033 
0. oKe15 

+o. 083181 
8 814SW 

+L 642408 
0.215481 

+2 186782 
0,338808 

+o. 041068 
8 613514 

+l. 569554 
0.185778 

MI 

-1. W749 
0.03tiS28 

-0. MU75 
9.735898 

u 
u 

$0.553658 
8. 743242 

-1.647A08 
0.215481 

-0.4622(7 
9.664865 

+l.  068033 
0.040615 

$1.642408 
0.215681 

-0.503308 
9.701832 

+I. 0251'18 
0. OloBOo 

01 

-1.64m 
0.2154E1 

-1.098033 
0.040015 

-0.553658 
9.743242 

0 
u 

-2 1QBoG(i 
0.341645 

-1.015886 
0.008848 

+o. 544375 
8. 735898 

+L 088749 
0.03WB 

-1.056861 
0. ou060 

4-0.471621 
9.673501 

00 

9: 7 E  

+l. oBBw3 
0. W 1 5  

+I. 642408 
0.215981 

+2 186068 
0.341645 

0 
0 

+I. 160170 
0. (n1945 

+2 740441 
0.437820 

+3. '&US16 
0.516511 

+L 139102 
0.056563 

+z 667697 
0.426119 

PI 

-0.626512 
9.796929 

-0.082137 
8.914539 

+o. 462237 
9.661985 

+l. 015896 
0. ooglu9 

-1.180170 
0.011945 

0 
0 

+I. 560270 
0.193200 

+2 104645 4 3B179 

-0.04lW 
8 613514 

+1.497417 
0.172433 

-2 186782 -2.731157 
0.3398c8 0.436347 T - 1 . 6 4 ~  -2.186782 

-0. W 7 6  -1. WE749 
9.'1358981 0.036828 

-0.072854 -0.617228 
8.862453, I 8.7gOQrlS 

81 

-0.685443 
8. 767485 

-0.041068 
8.613514 

+o. 503308 
9.701832 

+l.  o m  
0. ou060 

-1.138102 
0.056563 

so. 041084 
E. 613614 

+l. 601339 
0. !aMS3 

+2 145714 a ~ 1 ~ 7 2  

0 
0 

+l.  628486 
0.184261 
-- 

PI 

-2.113828 
0.325090 

-1.689554 
0.185776 

-1.025179 
0.0108M 

-0.471521 
9.673501 

-2 687581 
0. (!Xi119 

-1.487417 
0.172433 

9 . 0 7 %  
E. 862453 

i-O.61'1228 
9.790446 

--1.528(86 
0.184261 

0 
0 



Table 28.-Conrtit uent speed differences (b-a) and log (b--a)-continued 
BEYlDlGBNAL C O N B T l T U l M  

Mi 

-1.098a33 
0. m 1 5  

-0.544375 
9.735898 

0 
0 

+O. 544376 
9.735888 

+I. m 4 9  
0.0$8628 

-1.056962 

-1.015R88 
0.006849 

-0. (Ti(B29 
9.888825 

-0.471521 
9.673501 

+I. 015888 
0. m 9  

+a 471521 
9.673501 

-2 m1m 

a- 

a307879 

~ 

-1.642MD3 
0.215481 

- 1. (788749 
0. a36928 

-0.544375 
9.735m 

0 
0 

+o. 544376 
9.735898 

-1.601337 
a2M183 

-1.560270 
0 . 1 m  

- 1 . 5 1 m  
0.181616 

-1.015896 

+O. 471521 
8.673501 

-0.072854 
8. w453 

-2 578166 
0 11w4 

aocw9 

2N 

-2 186fP2 

-1.633IU 
0.213019 

-1.088749 
0. (136928 

-0.644375 
9. WQe 

0 
0 

-2 145712 
0.3315n 

-2 lOUU5 
0.323179 

-2 m79 
0.314621 

-1.580270 
0.1wm 

-0.072954 
8.862453 

-0.617228 
9.790446 

-3.120541 
0.494230 

a XMWLI 

R1 

QO4107l 
8.613535 

+a 512588 
9.709708 

+I. a56962 
0. w 9  

+1.801337 
0. a 4 8 3  

+2 145712 
I). 331571 

0 
0 

to. M108i 
8.613493 

to. 082133 
8.914518 

to. 585441 
9. 767483 

4-2 ma358 
0.316570 

tl.528484 
0.134281 

-0.974829 
9.888828 

91 

-0.082137 
6.914539 

+O. 471521 
9.673501 

+I .  015896 
0. om849 

+l. 560270 
a 183200 

+2.10(6(5 
0.323179 

-0.041067 
8.01%93 

0 
0 

+o. CWlW 
8.613493 

+o. 544375 
9.735898 

+2 031792 
0.307879 

+1.487417 
0.172433 

-1.015896 
a000849 

T, 

-0. 1nm 
9. m25 

+o. m54 
9.633921 

+o. 974829 
9. g89828 

+I. 519204 
0.181616 

+2.083579 
0.314621 

-0.082133 
8.914518 

-0.011067 
8.813493 

0 
0 

9.701834 

+I.  880725 
0.288011 

+I.C(6a50 
0.160213 

-1. m 2  a ma59 

$0.603308 

XI 

-0.628512 
9. m 9 2 9  

-0.072854 
8.862453 

$0.471521 
9.673501 

+I. 015888 
0. w 9  

+1.66Ono 
0.183200 

-0.585441 
9.7674&3 

-0.544375 
9.535888 

-0.5033m 
9.701834 

0 
0 

+1.487417 
a 17x33 

+a 943042 
9.974531 

-1. so270 
0.193200 

$4 

-2 113929 
0.325060 

-1.560170 
0.193200 

-1.OlSRBR 

-0.471521 
9.673501 

a w 9  

+o. 072I154 
8.862453 

-2 07m 
0.316570 

-2 031792 

-1. m25 
0.299011 

-1.487417 
0.172433 

0 
0 

-0.544375 
9. m98 

-3. op7Eb-l 
0.483970 

a 3m79 

n 

-1.569554 

-1.015896 

-0.471521 
9.673501 

+o. 072854 
a e62153 

+O. 615228 
9.790148 

-1.528484 
0.184281 

-1.481417 
0.172433 

- 1.44Bua 
0.160273 

-0.943042 
9.974531 

9.735898 

0 
0 

--Z m313 
0.398515 

a 19577e 

a m s  

+a 5 ~ 3 7 5  

2SM 

+o. 933759 
9.970235 

+1.487417 
0.172433 

+2.m1792 
0.307879 

4-2 576166 
0.410974 

+3.120541 
0.94230 

fo. 97484828 
9.988828 

+l. 015886 
0. om849 

+1. 

+l. €60270 
0.193200 

+3.047887 
0.483970 

+2 -13 
0.388515 

0 
0 
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Table 29.-Elimination factors 
[upper line for each oonstituent elves the logarfthm of the factors; d d d l e  line, mrroapondlng natural 

numbers; lower line, angles In degrees] 

Constltuent sough 
(4 

SERIES 14 DAYS. DIURNAL CONSTITUENTS 

Dlsturbhg mnstltuents (B,  C, etc.) - 
JI - 

.______. 

9.7908 
.628 

91 

8.2016 

a 

.m7 

.010 

9.3160 

88 

9.7880 
.616 

287 

9.7203 
.6% 

106 

8.3017 

7 

9.0913 
.I23 

99 

9.7007 
.670 

08 

8.1367 
.014 

176 

. om 

- 

9.7888 

288 
.a28 

. - - - - - - _ _ _ - _  
- _ -  

9.7908 

91 

8. a83Q 
.024 

4 

8. a839 
.024 
a60 

9.9968 
.880 

14 

9.3160 .m 
90 

8.3017 

7 

9. Bggo 
.998 

7 

9.3344 
-218 

84 

.a28 

. om 

- 

MI 

8.2016 
.OM 

357 

9.7908 
.028 

288 

-- 

- - _ _ _ _  
-_ -_-  _-- 

9.7880 
.016 

93 

9. a160 

284 

9. 8678 
.721 

282 

8.3839 
.024 

4 

9.3160 

90 

9.8290 
.676 
276 

8.8530 . 016 
172 

.m7 

.m7 

- 

01 -- 
9. aim 
.m7 
284 

8.3839 
,024 

3m 

9.7800 
.016 

287 

. - - - - - - ,  

8.3828 
.024 

361 

8.7368 
.OK4 

188 

9.7868 
.028 

81 

8.2011 
.010 

8.1361 
.014 

182 

9.8616 
.711 

79 

a 

- 

00 

Q. 7890 
.616 

93 

8.3839 
.024 

4 

~ 

9 . a m  . m7 
88 

8.3828 
.024 

9 

______. 
_--_-. 
_--. 

8.9671 
.081 

18 

9.0878 .In 
100 

8. 3320 
.021 

12 

8.7710 
.069 

11 

9.1006 
.la 

88 - 

PI 

9.7203 . 6% 
2611 

Q.99I 
.880 

340 

9.8678 
.721 

78 

8.73LB . OK4 
171 

8.9671 
.091 

342 

- 

_ _ _ _ -  - _ _  
9. a366 
.217 

82 

8.2581 
.018 

174 

9. m 
.%a 

ah3 

9.3331 
.216 

70 - 

- 
QI 

8. 3017 

363 

-- 
. om 

9. aim 
.m7 
284 

8. a839 
.024 
368 

9.7888 
.026 

289 

9.0878 
.I22 

200 

8.3365 
.217 

278 

- - - - - - . 

0.7808 
.028 

91 

0.3283 
.213 

271 

B. 8867 
.992 

a48 

29 

Q. 0913 
.la 

281 

8.3017 

363 

9.3160 

284 

-- - 

. om 

,207 

8. m i 6  
.016 

367 

8.3320 
.on 

348 

8.2bM 
.018 

186 

9.7808 
.I328 

289 

_____-. 
___-_. 
___. 

7.1244 
.001 

0 

9 . 7 m  . M7 
260 

Q. 7007 
.670 

282 

9.8800 
.898 

9.8290 
076 
86 

a63 

8. iaai 
.014 

178 

8.7710 . ob9 
349 

9. m 
.m 

7 

9.3223 
.213 

89 

7.1244 
.001 

0 

___-___  -_-_--  - -__  
9.3309 
,217 n - 

-- 
PI 

. -- 
8.1867 
,014 
I86 

8. a 4 4  
,216 

276 

8. eaao 
,016 

188 

9.6616 
.711 

281 

0.1086 
,128 

272 

9.3331 
.216 
280 

9.8887 
-992 

12 

Q. 7298 
.637 

Io4 
0. aaee 
,217 
2 s  

__----  __---- 
*-.e - 
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Constltuent 
sought (A)  

Ra.----- _ _ _ _  ~ 

L:. _ _ _ _ _ _ _ _ _ _ _ _  

Mt .-.__.__---- 

NI .._________._ 

2N. _ _ _ _ _ _ _ _ _ _ _ _  

R1. --_.____---_ 

81 _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TI _ _ _ _ _ _ _ _ _ _ _ _ _  
A:. _______._____ 

m _...__________ 

e---- ._________ I 

28M _ _ _ _ _ _ _ _ _ _ _  

8EB.IUE9 16 DAYS. SEMIDIURNAL CONSTITUENTS 

Disturbing constituents ( R ,  C, etc.) 

Ki LI Mi 1 NI 2h' RI S1 TI X i  (rr n 28M 

--.- ~ . M17 .088 .I76 .O81 ,997 . B8Q .975 .4BR .053 .198 .(no 

9.7634 _ _ _ _ _ _  8.7627 8.8056 9 . m  9.7927 g .8ne  9 . w  9 . ~ 1  9.3018 8 . i ~  9.3301 

8.9437 9.7627 - _ - - - _  6.7827 8.w 8.7291 8.1041 8.4114 9.8ne 8.1841. ~.8270 8.1035 

18 08 _ _ _  262 344 io 3 175 ss 367 275 G 

9.2424 8 . W  9.76n -.---- 9. i6n 9.2760 9.3018 9.3201 8 . 1 ~ 1  9.8~6 9 . W i  0.0783 
.176 .os0 .579 ~ .___ . m u  . i s9  .ma ,208 . oin .e72 . wi ,120 

116 16 08 _ _ _  mz 108 101 83 3 276 13 104 

8.9063 9 . W  8 . W  9.71l27 ____._ 8.8187 8.8888 8 . 4 W  9.3018 9.9961 9.8823 8.6766 
.081 . 178 .os0 .679 _ _  _ _ _  , OBB . WB . a31 .am . wi .I81 . ~8 

34 114 16 98 _ _ _  20 19 11 101 13 111 22 

9.8BsB 9.7827 8.7291 9 . n M  8.8167 _ _ _ _ _ _  9 . ~ 8 7  0.8850 9.7195 8.M20 9.3108 8.4114 
.987 .e#) .W .OM __.__ .997 .W9 .624 . a 5  .!ZQ7 .MB 

7 208 350 262 334 _ _ _  353 346 255 347 266 17s 

w 

------ ------ 
- _ _ - -  _ _ -  9.7634 8.0437 9.2424 8 . W  9 . m  8.8850 9.8882 9.6iof 8.7223 9.2880 8.8478 

_ _ -  200 342 244 326 353 345 338 247 339 257 188 

. MI7 _ _ _ _ _  .679 . OSn .178 .620 .e72 .722 . 991 ,200 .ON .214 
100 _ _ _  282 344 246 92 85 77 347 259 367 88 

.@E .679 ~ - - - -  .579 . os0 .054 .OM .028 .672 .Ole .a72 ,016 

9.WW 9.827~ 8.1~41 9.3018 8.e.w 9.99~7 __.___ 9 . ~ ~ 8 7  9.7en 8.1836 g.3301 8.1941 
.QW .e72 . O M  .200 , MQ . 887 _ _ _ _ _  .m7 . O M  .214 .oio 

16 276 a67 m ai 7 _ _ _  3.a 202 a51 a2 3 

9.9882 8 . W  8.4114 9.3204 8.4W 9.8850 9.0887 _ _ _ _ _ _  9.BolO 7.8884 9.8364 8.7281 

22 283 185 107 349 16 7 _ _ _  269 182 280 10 
.976 .722 ,028 .208 . a31 .888 .997 _.___ . &'2 .005 .217 . (u1 

9.6707  mi 9.8ne 8 . 1 ~ 1  9.3018 e.71~tj  9.7en 9.8010 _ _ _ _ _ _  o . a m  8.m 9 . m ~  

113 ia na 357 2x1 io5 LB 91 _ _ _  nz 180 io1 
.468 . 991 .e72 .OM .200 .624 .6TQ . a 2  _ _  _ _  .214 ,080 ,200 

8.7223 9.8018 8.9141 9.8276 9.8881 8.5120 8.1936 7.W 9. a301 _ _ _ _ _ _  4.7621 8.19% 

21 101 a 85 347 IS 6 178 88 _ _ _  88 9 

8. am 8.1~141 9, me 9. wi 's. w-3 9.3188 9. mi 9 . 3 3 ~  8.7788 9.78~1 ' ___.__ 9. ioca 

. Mil ,200 .016 .e72 .991 .ai5 .OM .ooC, ,214 _ _ _ _ _  ,679 .OM 

.188 .OM .672 .991 .481 .207 .214 .217 . OB0 .678 __.__ .I27 
103 3 85 347 249 96 88 80 170 262 _ _ _  91 

8.8476 9.8301 8.1936 9.0793 8.5765 8.4114 8.1941 8.7201 9.8018 8.1926 9,1043 _ _ _ _ _  .07o .2i4 .OM . .038 . MR .OM ,OM . 200 .ole . in _ _ _ _  
192 nz 3~ m 338 186 9117 aao m u1 #IB _ _ _  

I 
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Table 2D.-Ellrnination tautore-Continued 
8EmIEB 2# DAYS. DIUBNAL CONSTITUENTS 

t 

Constltudnt sought __ 
( A )  I Jj 

- 
KI 

8.8Q5l .ow 
a51 

- 

---_.. ._.-. _... 
8. GQ5t 
.Ob0 

0 

8.7617 
*om 

22 

8.7617 
.OM) 
338 

9.0818 . 869 
28 

8.7189 
.062 

8.8937 . 040 
41 

D. 8954 . 800 
14 

a2 

5. ma 
.011 

8 

Disturbing constituents (B, C, ek.) 

MI 

8. BROB . 019 
841 

8.8OM 
* OM) 

ab1 

- 

- - _ _ _ _  
---. 

8.8144 
.OM 

13 

8.7188 
-062 

8. 0674 
.I17 

199 

8.7617 
.ow 

2a 

9.7188 
.062 

32 

3.4418 
.OB 
186 

1. 0670 
.m 
1?7 

328 

01 -- 
8.7181 
.052 

a% 
8.761; 
,058 

a3l 

8.8144 .m 
34i 

--___. 
--__. -__. 

8.718E 
.OK2 

8.2616 
.018 

186 

8. GQM 
.om 

0 

3111 

8. a m  

8.3209 

.048 
19 

.MI 
a52 

8.8810 
.OM 

164 - 

PI 

8.2CQ2 
.lea 

8% 

8.0818 
.050 
331 

8. 0674 
.117 
181 

8.2818 
* 018 
174 

9.0332 
.lo8 m 

- 

-_-___  
- -__  

7.7378 
.005 

8. mX, 
.017 

12 

2.QQM 
.m 

846 

8.8248 
.M2 

I68 

a 

8.8672 
.048 aio 
a. ma7 

ai9 

328 

.048 

8.7188 
.OK2 

8. BBQ0 
.048 
341 

B. 6504 
.046 

287 

3.2280 
.017 
346 

1.6966 
.om 
a51 

._____ ---__ _ _ _ _  
I. M77 
.M( 
333 

1.1826 
.la2 

a= ~ 

PI --- 
8. am 
,021 
a44 

8.0642 . 011 
354 

7.9578 
.009 

183 

8. Q810 
.OM 

1m 

8. UWB 
.m 

332 

8.6248 
.M2 

202 

0.8867 
.888 

26 

0.1826 
.152 

86 

8.1W 
.OM 
188 

-.--.- 
----I 
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Constituent 
sought(d) 

E: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

L, _ _ _ _ _ _ _ _ _ _  _ _ _  

hlr _ _ _ _ _ _ _ _ _ _ _ _  

NI _ _ _ _ _ _ _ _  _ _ _ _ _  
2N _ _ _ _ _ _ _ _ _ _  _ _ _  
R, _ _ _ _ _ _ _ _ _ _ _ _  

61 __.__________ 

TI _ _ _ _ _ _ _ _ _ _ _ _ _  

Ai- _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _  

*t _ _ _ _ _ _ _ _ _ _ _ _ _ _  
28M _ _ _ _ _ _ _ _ _ _ _  
- 

239 

Dlsturbing constituents ( R ,  C, etc.) 

K, ' L Mi N: 2N R: 8: TI A: p: VI 2SM ---______----_-- 
8.6144 8.7617 E.7188 8.0937 9.8864 8.9818 9.9587 9.2092 8.3224 &OM2 9.0064 _ _ _  _ _  .OM .056 .062 .W9 .NM ,959 .WQ .162 .021 _ _ _ _  347 338 328 319 346 331 317 322 344 

8.8144 _ _ _ _ _ _  8.6966 8.8896 8.6798 7.9581 8.8810 9. B42 9.9657 7.7378 
.OM _ _ _ _ _  . O S  .049 .W8 .W ,096 .192 .966 .005 

13 _ _ _ _  3b1 341 332 178 164 150 335 357 

8.7617 8.6065 _ _ _ _ _ _  8.6956 8.8896 8.3282 8.2816 8,7772 8.9610 8.2816 8.9810 8.2666 

22 9 _ _ _ _  351 341 8 174 169 164 E36 188 167 

8.6965 8.4846 7.7378 8.3276 8.2816 8.8810 9.8867 7 8800 

32 19 9 _ _ _ _  361 17 3 169 174 188 25 177 

8.6037 8.6798 8.8886 8.0966 _ _  _ _ _ _  8.5377 8 . m  7.4179 7.7378 9.8867 9.1825 7.7379 

41 28 19 8 _ _ _ _  27 12 178 3 25 35 6 

.OM .OM) ~ _.__ .050 .W9 .021 .018 .OB0 .OW .018 .098 .OM 

8.7188 8.6896 8.6966 - - - - - -  
.OS2 .W9 ,050 _ _ _ _ _  .060 .031 .006 .021 .018 .ow) .BB8 . oo( 

.049 .048 .049 .Ow _ _ _  . . .034 .017 .003 .005 .'&E .162 -006 

.Q.QQM 7.9581 8.3202 8.4846 8.6377 ._____ Q.QQM 9.8818 9.0538 7 . n ~  8.1~07 a m 2  . gw) .OW .021 .031 .034 _ _ _ _ _  .BBo .969 .113 .002 .016 .OB0 
14 182 352 343 333 _ _ _ _  346 331 336 359 188 169 

9.9818 8.9810 8.2816 7.7378 8 . n 8 0  9.88M _ _ _ _ _ _  9.8854 8.0955 8.2588 8.6248 8.2816 
.969 . OQG . O M  .005 .017 . UW _ _ _  _ _  .gw) .OM) .018 .W2 .018 

29 188 186 367 348 14 _ _ _ _  346 351 193 202 174 

9.9587 9,2&(2 8.7772 8.3278 7.4179 g.8818 9 . 8 8 ~  _ _ _ _ _ _  8.4418 8.67~1 8 . 8 3 ~  8.3282 
. Q U I  . 192 . WO .021 , IN3 .Os9 . _ _ _  _ _  .028 .038 .CY36 .021 

43 210 201 191 182 28 14 _ _ _ _  185 207 217 8 

8.0248 8.9640 7.7378 

38 25 196 186 357 24 9 176 _ _ _ _  202 212 3 

9.2092 9.@67 8.8810 8.2516 i. 7378 9.0538 8.6956 8.4418 _ _ _ _ _ _  
.162 .W .088 .018 .005 .113 .060 .OB _ _ _ _  ~ .042 .OB2 .MI5 

8.3224 7,7376 E. 2816 8.9610 9 . ~ 7  7. 8. 2588 8.5780 aeza _ _ _ _ _ _  8. em a 2639 
.021 .MI5 .018 .OW .BB8 .MU ,018 , a38 .042 _ _ _ _ _  .050 -018 

16 3 174 164 335 1 167 163 168 _ _ _ _  9 161 

8.0642 8.2816 8.9810 9 . W 7  8. 1826 8.1807 8.6248 8.8324 8.9640 8.6856 _ _ _ _ _ _  8.6016 
. O l l  .018 .OM .E$ .162 .016 .. 042 .088 .. OB2 .060 _ _ _ _ _  . @32 

6 174 164 336 326 1 172 168 143 148 351 _ _ _ _  161 

9.0064 8.6248 8.2588 7.6ww) 7.7379 8.7772 8.2816 8.3282 7.7378 8.2639 8.6016 _____. 
.IO1 .W2 .Ol8 . 004 .005 ,080 .018 .021 .MI5 .OM .032 _ _ _ _ _  

216 202 193 183 364 201 186 352 357 1BB L"d _ _ _ _  
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8.6657 
.046 

38 

8.0504 
,045 

63 

Table 29.-EZimination factors-Continued 
SERIES 68 DAYS. DIURNAL CONSTITUENTS 

76 

26.. _ _ _  ~ _ _ _ _ _ _ _ _ _  _ _  8.4713 

101 
1 .030 

34 

KI 

8.6898 
.049 
341 

__.___ 
--_._ 
-.- 

8. 6880 
.049 

19 

8.7185 
.052 
44 

5.7185 
.052 

310 

0.9254 
.a2 

57 

B. 0504 

63 

B. 6715 
,037 

82 

.045 

a.9818 
.959 m 

3.0320 
.011 

12 - 

MI 

8.6667 
.046 

322 

8.6896 
.049 

341 

- _ _ _ _  _ _ _  
8.8039 
.of34 

25 

8.6504 
.046 

297 

9.0427 
. l l O  

218 

8.7185 
.052 

44 

8.6504 
.045 

03 

8.4403 
* 0% 

180 

7.9572 
.m 

174 

Disturbing constituents (B. C. etc.) 

0 1  

8.8504 
.045 

291 

8.7185 
.Ob2 

310 

8.8039 
.OM 

335 

_ _ _  
8.5737 
.037 

272 

8.2588 
.OM 

193 

8.6896 
.049 

19 

8.0057 
.046 

38 

a. 3224 
* 021 

344 

8.8840 
.082 

148 

-- 
00 

8.8039 
,064 

25 

8.7185 
.052 

44 

8. 8504 
.045 

63 

8.5737 
,037 

88 

-__.. 
_ - -  

a. 8349 
.088 

101 

8.4515 .om 
107 

8.3067 

1% 

8.8391 . OB9 
73 

8.4112 

67 

. om 

.om 

-- 
PI 

9. low 
.128 

284 

-- 

9.9244 .a2 
303 

9.0427 
. l l O  

142 

8.2588 
.018 

167 

8.8349 .ow 
259 

__.___ 

7.7379 
.006 

6 

8.2166 
.OM 

26 

8.8818 
,959 

331 

8.6807 
.039 
135 

- 
QI 

8.5715 
.037 

8 . m  
.045 

297 

8.7185 
.052 

316 

8.6896 
.049 

34 1 

8.4575 
.02B 
263 

7.7379 
.005 

354 

ma 

_ _ _ _ _ _  
.--_- _ - _  

8.6896 
.049 

19 

8.464G .om 
326 

9.9418 
.E75 
a09 

8.4713 
.030 

259 

8.5716 
.037 

278 

8.8504 
.045 

297 

8.6057 
.046 

322 

8.3057 
* 020 

234 

8.2156 
.016 

336 

8.8896 
.049 

341 

-_ -_ - -  
-__.- 

_ - -  
8.4887 
.031 
a07 

9.0969 
,126 

280 

9.0154 
.lo4 

313 

9.9818 
.959 

331 

8.4403 
.028 

170 

8.321A 
.021 

16 

8.8391 
.089 

287 

9.9818 
.95Q 

29 

8.4045 .om 
36 

8.4887 
.031 

63 

-..___ -.-__ --_ 
8.1761 
.016 

164 

- 
PI -- 

8. 3059 
.om 

328 

8.0520 
.011 

348 

7.9572 
.009 

186 

8.8840 
.092 

212 

8.4112 . 026 
303 

8.5807 
.039 

221, 

8.0118 
.a75 

61 

9.08BB 
.125 

70 

B.17Gl 

196 
.016 

___- - -  __ - - -  _--  - 
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Table 29.-Elimination factors-Continued 
SERIES 87 DAYS. DIURNAL CONSTITUENTS 

Ji - 
- _ _ - _  
- - - -  

E. 6798 
.048 

28 

8.6244 
.042 

57 

8.5226 
.033 

95 

8.7857 . oG1 
322 

8.9030 
.@so 
114 

8.3232 
.021 
123 

7.9841 . 010 
151 

8.9481 
.089 

71 

8.2780 
.ON 

47 

KI 

8.0798 
.048 
332 

_ _ _ _ _ _  
- _ - _ _  
-_ - -  

E. 0798 
.048 

28 

8.8807 
. 0 4 G  

00 

8. 8807 
.046 
294 

9.8237 .m 
86 

8.6225 
.033 

95 

8.3232 
* 021 
123 

9.9587 
.QOo 

43 

8.0476 
,011 

19 

8. A244 
.042 
303 

8.6798 
.048 
332 

____._ 
_ _ - _ _  
.__- 

E. 7857 
.oG1 

38 

8.5225 .w 
m 

9.0002 
. I00 
237 

8.8807 
.040 

00 

8.5225 
.033 

95 

8.4370 
.003 
195 

i. 9656 . 009 
170 
- 

Dlsturblng constituents (B. C, etc.) 

8.6225 
.033 
205 

8.6007 
.040 

294 

8.7857 
* 061 
322 

__..__ 
- _ _ -  

E. 2841 
.OM 
227 

8.2539 
,018 
199 

8.6708 
.048 

28 

8.6244 
.042 

57 

8.3165 
.021 
337 

8.9351 
.080 
132 - 

-- 
00 

8.7857 
.081 

38 

8.8807 
.040 L?a 

8.5225 
.033 

95 

8. Ui(1 
.018 
133 

_-.___ 

- _ - -  
8. &?77 
.022 
152 

7.8138 
.007 
101 

7.4.337 
.003 

9 

8.0579 
* 045 
109 

8.3116 

85 
. om 
- 

-- 
PI 

8.9030 
.os0 

246 

9.8237 
.868 
274 

9.0002 
* 100 
123 

8. W19 
.OM 
161 

8.3377 .on 
208 

- - _ _ _ _  _.___ _ _ _ _  
7.7307 
.005 

9 

8.1982 
* 010 

37 

8.9587 . 909 
317 

8. 5316 
.034 
113 - 

- 
QI -- - 

8. 3232 
.021 
237 

8.5225 
.033 

285 

8.8807 
.046 
294 

8.6708 
.048 
332 

7.8138 
.007 
199 

7.7367 
.005 
351 

__.___ 
__.__ - _ _ -  

E. 6708 
.048 

28 

8.4303 . on 
308 

9.8040 
,731 
384 - 

7.0841 
.OlO 
208 

8.3232 
.021 
237 

8.5226 
.033 
285 

8. 1x44 
.042 
303 

7.4337 
* 003 
351 

8.1982 
.ole 
323 

:a. 6788 
.048 
332 

_ _ _ _ _ -  
__._ 

8.4014 
.025 

280 

8.9351 
.OM 
2.58 
- 

- 
81 

8.9481 
.089 

289 

9.9587 
.909 
317 

8.4376 
.on 
165 

8.3155 
.021 

23 

8.0579 
.045 
251 

8.9587 
.909 

43 

8.4303 
.on 

62 

8.4014 
.025 

80 

-_ -_ - -  - _ _ - -  _ _ _ _  
8.1039 
.016 
156 

_- 
PI  _-- 

8. neo .om 
313 

8.0476 
.011 
341 

7.9558 .m 
180 

8.9351 
.086 

22J 

8.3118 .om 
275 

8.6318 .m 
247 

8.8840 
.731 

70 

8.9351 
,080 
104 

8. 1889 
.015 

,204 

___- - -  __ - - -  __.. 
cc 
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Constltuent 
@ought ( A )  

E~ ________.____ 

LI _ _ _ _ _ _ _ _ _ _ _ _ _  
MI ._.___..__.__ 

NI ______.._____ 

2~ _ _ _ _ _ _ _ _ _ _ _ _ _  
RI __..___._.___ 

88 ._____________ 

TI ._____.....__ 

xt _.____._..____ 

(11. _ _ _ _ _ _ _ _ _ _ _ _ _  
rt ____._________ 

1 8 ~  ___..._____ 
- 

Table 2Q.-Elimination factore-continued 
SERIES 87 DAYS. SEMIDIURNAL CONSTITUENTS 

Dlsturhlng wnst1tuent.q ( R ,  C, etc.) 

.KY La MY Ns 2N RY Sn Ti X, p y  v i  2SM --- 
_ _ _ _ _ _  a 7 ~ 7  a8807 8.5225 a 3232 O . Q M ) ~  0 . m ~  o. M I ~  8.8030 a 2/80 a 0470 a7m 

8 . 7 ~ 7  _ _ _ _ _ _  a8708 8.0244 8.6247 7.0678  om 9. 1066 0 . ~ 0  7.7387 8.2630 8. ais .oei _ _ _ _ _  ,048 . 042 . o a  .008 .me .in .ni .ws . O M  .OM 

8.6807 8.6788 _ _ _ _ _ _  8.8798 8.8244 8.8168 8 . ~ 8  a8976 8.9361 am0 8.9361 a m  

a6m aew aem _ _ _ _ _ _ _  a6788 8.4303 7.7387 8.5088 am9 ami 9 . 8 ~ 0  7 . w  

9s m za _ _ _ _  332 sa Q 146 161 m 76 170 

aam a m 7  8 . 6 ~  aom _ _ _ _ _ _  a4014 aiw 7 . 4 1 ~  7 . 7 ~ 7  9.8810 ami 7.7314 
.OZI .m . w . ou _ _ _ _ _  . ozd .OM . ooa . oui .7ai .om . ood in a w za _ _ _ _  80 a7 174 Q 76 io4 18 

9 . 9 ~  7.9676 8.aiss 8.m 8.4014 _ _ _ _ _ _  9 . 9 ~  9.8237 8 . ~ 8 1  7.2740 aimo 8 . e m  .sa ,008 .021 .on .OB _ _ _ _ _  .wa . BBB .o80 . wa .OM .OW a 186 337 a08 280 _ _ _ _  a17 274 mo am an 118 

0 . 8 ~ 7  8. o m  a. m 7.7387 a. 1082 0.0587 _ _ _ _ _  9.0tia7 8. em8 a ma a.nai6 8. mo 
,888 . o8e ,018 .ood .OM , wa ____. . OOQ .ME .ai7 .034 .OM 

80 u8 188 atii 823 43 _ _ _ _  ai7 ma 219 247 161 

0 . ~ 1 8  9 . 1 0 ~  8.8978 8.8088 7.4186 9.8237 9 . 9 ~ ~ 7  _ _ _ _ _ _  8.4378 1 3 4 ~  a6621 &ais6 
.a48 . in .OW .om . w 3  . we .808 _ _ _ _ _  .on .on .038 .om 

139 ni 242 214 186 88 4s .___ 196 =a 280 

8 . m  9 . ~ 0  8 . w 1  am9 7.7387 8 . ~ 8 1  a m  a4378 _ _ _ _ _ _  amla a7ez-a 7.7307 
.080 .7ai .w . O M  .oos .om ,048 .on _ _ _ _ _  . a 4  .OJB .mu 

anso 7 . 7 ~ 7  am9 awsi 8 . w  7.2740 a m  a 4 3 a  a.sais _ _ _ _ _ _  ~~1379.3 ai840 .om .oos .OM .os6 . ni . w 2  .ow .on ,034 _ _ _ _ _  .ME .016 I 
47 o 181 is2 284 4 141 98 113 _ _ _ _  2 8 ,  122 

8.0478 a m  8.8361 9 . 8 ~ 0  ami 8.1880 8 . m  8 . ~ 2 1  8.7e~a a6788 _ _ _ _ _ _  aam 
19 lei 132 284 m ILW 113 70 a a32 _ _ _ _  93 

a 7 m  am16 a m  7.53aa 7.7311 8.007e am9 asisti 7 . 7 ~ 7  ai840 aaoi _ _ _ _ _  

_ _ _ _ _  .081 . 0 4 G  .033 .021 ,009 .880 .348 .OB0 .ON .011 .067 _ _ _ _  322 294 285 237 317 274 231 248 313 341 78 

38 _ _ _ _  332 303 276 176 132 89 284 861 188 113 

.046 .O48 _ _ _ _ _  .O48 .O42 .021 .018 .OW .OM .018 .OM .017 
06 28 _ _ _ _  332 303 23 181 118 132 198 228 141 

. oa8 .042 .048 .048 ,027 .006 .OBI .018 . OBB .781 .OM 

114 76 228 198 361 71 Z9 168 _ _ _ _  247 276 9 

.011 ,018 .OS6 .731 .088 .016 .034 .038 .068 .048 _ _ _ _ _  .OB 

.087 .034 .017 .OM .006 .OM) .018 .021 .006 . O M  .02a _ _ _ _  
288 247 219 190 S42 242 189 837 861 238 167 .___ 
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Constituent souEhl 
(4 

Table 29.-Elirnination factors-Continued 
8ERIE8 106 DAYS. DIURNAL CONSTITUENTS 

_.--_ _ _ _  
8.6704 

* 047 
146 

8.689(1 
.038 

112 

8.4422 
-028 

$8 

8.4863 
,031 

202 

8.8322 
.wB 

68 

8.2332 
,017 

66 

7.7808 
.MxI 

21 

8. a722 
.024 

18 

8.1085 
.013 

144 

8.6704 
.047 

214 

_ _ _ _ _  
- - _  

8.6704 
.047 

146 

8.6381 
.036 

124 

8.6381 
.036 
236 

8. 7311 
.b38 

103 

8.4422 

89 

8.2332 
.017 

66 

.om 

8. gaga 
.870 

52 

7.0768 
.001 

178 

8.6886 
,038 

248 

8.6704 
.047 

214 

- - - -_ -  _ _ _ _ _  
- - _  

8.4863 
.031 

158 

8.4422 

271 

8.8218 
.OM 

318 

8.6381 
,036 

124 

8.4422 

89 

8. 8648 
.OB0 
2BB 

8.3078 
-023 

32 

.om 

.om 

Disturbing constituents (E, C, etc.) - 
01 

-- 
8.4422 
.OB 

271 

8.6381 
.035 

236 

8.4963 
.031 
202 

_ _ _ _ _ _  _ _ - _ _  
- - -  

8.2803 
.019 

283 

8.1868 
.015 
340 

8.6704 
.047 

148 

8.6886 
,038 

112 

8.6113 
* 041 
288 

8.8828 
.078 

61 

- 
00 

8.4853 
.031 

158 

8.5381 
.035 

124 

8.4422 

88 

8.2803 
.019 

67 

.om 

- _ _ _ _ _  
-__  

8.4600 
* 028 

47 

7. 8668 .we 
33 

6.4382 .ooo 
179 

7.6174 
.003 

176 

8.1640 
.016 

121 

8.9322 .om 
291 

8.7311 
.638 

257 

8.8219 
.OM 

42 

8.1836 
.OM 

8.45M) .om 
313 

m 

_ _ _ _ _ _  
- - _  

7 . m  
.007 

180 

8.2087 
.016 

132 

9.8383 
.870 
a08 

8.4686 
-028 

74 

8.2332 
.017 

308 

8.4422 
* 028 

271 

8.6381 
.036 

230 

8.6704 
.047 

214 

7. 8668 
-008 

327 

7.8wo 
.007 

194 

_ _ _ _ - _  - _ _ _ _  - _ -  
8.6704 
.047 

8.23B8 
.017 

8. 7961 
.624 

!2@ 

148 

an 

24 

7.7808 
.006 

338 

8. 23a2 
.017 

305 

8.442a 
.028 

271 

8.5885 
.039 

248 

6.4302 
.Ooo 

181 

8. me7 
.ole 

228 

8.6704 
.047 

214 

_ _ _ - _ _  _ _ _ _ _  _ - _  
7.1241 
,001 
368 

8.7943 . oea 
302 

81 

8.3722 
.024 
342 

9.9393 
,870 
808 

8.8648 . 080 
94 

- 

8. eiia 
* 041 

72 

7.6174 
.003 

186 

9. eaea 
.870 

62 

8. !me 
.017 

88 

7.1241 
.001 

4 

_ _ _ _ _ _  --.-_ --_  
8. aem 
,024 

128 

PI - 
8.1085 
.013 

216 

7.0766 
-001 

182 

8. a 7 9  
.OB 
328 

8.8928 

aoe 
8.lW 

.016 
239 

8.4886 .m zse 
8. 7961 
.624 

92 

8.7043 
.082 

8. a820 
234 

.078 

68 

,024 

__..-- _.-- --- 
/ 
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Table 29.-Elimination factors-Continued 
SERIES 105 DAYS. SEMIDIURNAL CONSTITUENTS 

Constituent 
sought ( A )  

Xi .... ___._____ 

LI _ _ _ _ _ _ _ _ _ _ _ _ _  

Mi _______..____ 

N: _ _ _ _ _ _ _ _ _ _ _ _ _  
2N _ _ _ _ _ _ _ _ _ _ _ _ _  
R, .____________ 

81 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
TI _ _ _ _ _ _ _ _ _ _ _ _ _  
k _______._._.__ 

W .  __.__________ 

VI _____.___.____ 

28M _ _ _ _ _ _ _ _ _ _ _  

Disturbing constituents ( R ,  C, etc.) -- 
RI 6, TZ XI pi 1 Y Z  2SM 

=' I La MI " 2N 1 ____._ 8.4953 8.5381 8.4422 8.2332 0.0302 0.7311 9. I892 8.8322 8.1005 7.0780 8.6847 
_.___ .031 .035 .OB ,017 808 .5:% . 156 ,008 .013 .001 .M8 _ _ _  202 236 271 305 I ' 308 257 205 291 216 182 97 

8.4963 _ _ _ _ _ _  8.6704 8.6886 8.4347 '8.9311 8.8021) 7.6403 9.7961 7 . W  8.1666 8.4685 . oai _ _ _ _ _  .047 . O N  .on .085 .om .004 .e24 . 007 .oi6 . 028 im _ _ _  214 248 2132 100 64 2 288 194 340 74 

8.6361 8.6704 _ _ _ _ _ _  8.6704 8.6886 8.6113 8.1860 8.9808 8.8838 8.1866 8.8929 8.1685 
.a6 .047 _ _ _ _ _  .M7 .039 .041 .016 .026 .078 ,016 .076 .014 

124 146 _ _ _  214 248 72 20 148 64 340 308 40 

8.4422 8. iULS6 8.6704 _ _ _ _ _ _  8.6704 8.2385 7 . W  8.4362 8.1866 8.8829 8.7851 7.2838 . M8 .a38 .M7 _ _ _ _ _  .047 .017 .007 .On .016 .078 .624 .W2 
89 112 146 _ _ _  214 a8 166 114 20 808 92 6 

8. !U32 8.4347 8.6886 8.6704 _ _ _ _ _ _  7.1241 @. 2087 8 3386 7 . 8 W  8.7861 8.7843 7.8388 
.017 .On . 038 .047 _ _ _  _ _  .001 .Ole .OB .007 .624 . 082 .007 

66 78 112 146 _ _ _  4 132 80 166 92 MI 162 

9. ~ 3 9 2  8.9311 8.6113 8. m s  7.1241 _ _ _ _ _ _  8. 0382 8.7aii a . 8 7 ~ ~  8 . ~ 1 0  8 . a m  8.3808 .w .086 .MI . o n  . wi _ _ _ _ _  .8eo . .ox .OD .ox .026 
b2 264 288 322 356 _ _ _  308 267 342 288 234 148 

9.7811 8.8929 8.1866 7 . W  8. 2007 8.9392 _ _ _ _ _ _  9.8892 8.6704 8.1686 8.1885 8. 1866 . E48 .078 .016 ,007 .OM .E60 _ _ _ _ _  .E69 .047 .014 .OB ,016 
103 a06 a40 194 ZZE 62 _ _ _  308 214 320 ZM 20 

8.1892 7.8403 8.3896 8.4362 8.3388 8.7811 9.9382 _ _ _ _ _ _  8.9648 7 . ~ 6 4  a0786 a6113 

166 am 212 240 280 io3 62 _ _ _  zae 182 xa 72 

~ 1 8 ~ 2 2  9.7961 E.EQZQ 8 . 1 1 ~  7.8300 8.3722 8 . 6 7 ~  8 . ~ ~ 8  _ _ _ _ _ _  8 . 4 ~  8.8008 7.8500 

eu 92 308 a40 184 18 146 84 _ _ _  ao 262 IM 

a1086 7.8500 8.1868 8.8928 9.7051 a M i o  8.1686 7.8851 8.4886 _ _ _ _ _ _  a6704 8.1117 . oia .007 . O M  .om .e% .ozz -014 .006 .OB _ _ _ _ _  . ~ 7  . 013 

7 . 0 7 ~  8 . 1 ~ 1  8.8928 8.7861 8.784s  am a 4 ~  am& 8.8008 8.6704 ~ _ _ _ _ _  8.2681 

.166 -004 .026 .On .022 .638 .E69 _ _ _ _ _  .090 .006 ,012 .041 

.OM .e24 .078 .016 .007 .024 .047 .OW _ _ _ _ _  .OB .046 -007 

144 166 20 64 288 82 40 108 74 _ _ _  146 80 

.001 .016 .078 .624 .062 ,024 .OB .012 . 046 .M7 _ _ _ _ _  .018 
178 20 64 208 302 128 74 22 108 214 _ _ _  84 

8.6847 8.4686 8.1& 7.2638 7.8808 8.3888 8.1866 8.6113 7 . W  8.1117 8.2581 _ _ _ _ _ _  
.M8 .OB .014 .002 .007 .O% .016 .M1 .007 .013 .018 _ _ _ _ _  
283 286 azo 3~ 208 212 340 288 184 aoo #UI _ _ _  
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Table 29.-EZiminat ion fact ora-ContInued 
SEBIE8 134 DAYS. DIURNAL CONSTITUENT8 

Constltuent sought 
(4 

_ _ _  
8.43(M 
.027 

155 

8.3046 
,025 

131 

8.2605 
.OlO 

121 

8.0361 
,011 

190 

8.7346 
.054 

107 

8. 2084 

Bo 
,010 

8.0030 
.012 

72 

8.0047 
.040 

41 

7.7771 . WO 
160 

_- 

8.4360 
,027 

205 

-.____ 
_.--_ --- 

8.4300 
.027 

1.55 

8.2028 
. O M  

146 

8.2028 
.01R 

114 

0.5078 
.322 

132 

8.2805 
. O l O  

121 

8.2004 
,010 

00 

0. RBBZ 
,793 

66 

7. 1810 
.002 

4 

8.3W 
.015 

229 

8.4360 
,027 

sa5 

_ -  _._ _ _ _  
_ - _  

R 0361 
,011 

170 

8.2505 
,010 

230 

8. 4 8 8  
,030 

337 

8.2028 
.018 

146 

8.2005 
,010 

121 

8.8500 
.071 

271 

8.2190 
.017 m 

Disturbing constituonk (B. C, d o . )  - 
01 

8.2005 
.OlO 

230 

8.2828 
.018 

214 

8.0381 
.011 

190 

- ._ 

8.17% 
.015 

240 

7.9151 
.(OR 

340 

8.4360 . on 
165 

8.3040 
.025 

131 

8.5208 

280 
8. 0007 
,047 

38 

,033 

- 

_- 
00 

8.0301 
,011 

170 

8.2028 
.018 

146 

8.2G05 
* 010 

121 

R. 17OG 
.015 

111 

...___ 
_.___ --- 

8.4700 
,030 

08 

8.1133 
.013 

87 

7.8812 . 010 
02 

8.2150 
.010 

32 

7.8316 
.W7 

140 
~ 

PI 

8.7346 
.OM 

253 

__-_ 

8.4838 
,030 

23 

7.0151 
.m 

14 

8.4700 

202 
.030 

7.0424 
,004 

100 

7.0051 
.010 

144 

0.8a02 
.703 

2984 

8.2740 
,010 

62 

QI 

8. mct4 
.010 
264 

8.2605 
.010 

230 

8. 2028 
.018 

214 

8.4360 
,027 

205 

8. 1133 
.01R 

273 

7.6424 
.no4 

1u1 

_._ 

8.4300 
.027 

165 

8.2805 
.018 

305 

0. m 7  
,436 

243 
- 

24 
-- 
E. 0830 

.012 
288 

8.2004 
.010 

204 

8.2005 
* 010 

230 

8.3846 
.025 ne 

7.0812 . 010 
208 

7.0951 
,010 

210 

8.4380 
. on 

205 

81 

8.8047 
.040 

310 

0.8002 
.703 

2M 

8.8500 
,071 

80 

8.62w 
.033 

80 

8.2150 
.OX 
328 

0.8902 
.703 

00 

8.2605 
.018 

55 

1.0233 
.008 

a0 

- 

-_-- -_  
_.___ 

- -_  
8.3143 .om 

118 
- 

-- 
PI -- 

7.1771 .oos 
201 

7.1818 
.W2 

356 

8.2106 
.017 
332 

8. o 6 O i  
.047 

35 

7.8316 . no7 
21 1 

8.2746 
. O N  
308 

0.8387 
.435 

117 

8.7810 
.OB 

ga 

8.3143 
.021 

242 

_ _ _ - - -  
_.--- --- 
/ 
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Oonstlt ent 
m o b t  ?A) 

~ 

Ic: _..______..._______ 
I,&- .___________ 

M~ .__.________ ~ 

xr ___.___.____ 
IN.. ______,___. 
R) ___.____,__._ 

_ _ _ _  ~ _ _ _ _ _ _ _ _ _  

T: _ _ _ _ _ _ _ _ _ _  ... 

xb .____________ 

P I  __.__._______. 

y _ _ _ _ _ _ _ _ _ _ _ _ _ _  

ZBM _ _ _ _ _ _ _ _ _ _ _  

SF@I&8 194 DAYS. BEMIDIURNAL CONSTITUENTS 

DJsturblng constituents (B ,  C, etc.) 

K: L: Mi N: 2N R: B: Ti A: pi n ZSM 
--__-__------ - 

8 . 0 ~ 1  82828 8 . ~ 9 ~  a m  9 . m  8 . ~ 7 8  aew a7346 7 . m i  7 . ~ 1 ~  a r m  _.___ * 011 .018 .018 ,016 .793 .322 .m .054 .008 .002 .m 

~.03ei _ _ _ _ _ _  8.4380 awe ~ 3 2 1 ~ 1  8 . 8 ~ ~  a m 9 7  ami 9.8387 7.0424 7.8161 a n 4 6  

8.am 0 . 4 3 ~ )  _ _ _ _ _ _  8.4380 8.3946 8 . 6 ~ ~  '7.8151 8.4022 a m 8 7  7.8161 8.6687 7.~208 
.018 ,on _ _ _ _ _  .on .025 .033 ,008 .029 . a 7  . 008 .047 . w 

. a m e  awe 8.4380 ._____ 8.4380 8.2005 7.8424 8.3502 7.9161 8.8687 9 . w  6 .n~  . 010 : .026 . oP7 _ _ _ _ -  .on .OM .023 ,008 . w 7  .435 .001 

8 . m  8.8216 8.m a4380 _ _ _ _ _ _  7.0233 7.~861 a m  7.8424 8.8387 8.7610 7.13344 
. O M  . oal .OB .on _ _ _ _ _  .OB .oio . o n  .OM .4a .om .OM 

o.mz 8 . 8 2 ~  8.1208 8.2805 7.9233 _ _ _ _ _ _  e.ae~z 9 . ~ 7 0  a8047 ame a3143 ama 

9.m~ 0 . ~ 7  7.01~1 7.0424 7 . e e ~ i  8 . m  _ _ _ _ _ _  0 .~ee2  0.4380 7.8028 an46 7.9161 
. 3 n  .M7 .008 ,OM .010 .798 _ _ _ _ _  ,783 .on ,008 .010 ,008 

182 31a 346 191 216 86 _ _ _  294 206 333 308 14 

8.QK38 8.6871 8.46a2 8.3582 8.2280 9 . m  8.8992 _ _ _ _ _ _  8 . W  8.0609 7.7834 8.6206 
.OW .039 .OB .M3 .017 .322 .793 _ _ _ _ _  .071 .011 .oMI .033 

_ _ _  lq 214 239 204 294 228 342 253 201 366 61 

. O l l  ~ _ _ _ _  .On .O?A .021 .Of37 .M7 .039 .435 . OOL .008 .019 
170 _ _ _ _  206 228 Zh4 104 38 152 243 181 346 62 

146 165 _ _ _  206 228 80 I 14 128 38 346 322 27 

121 '_!l31 155 _ _ _  205 ''% 1 169 103 14 322 117 2 

96 l W  131 I65 _ _ _  30 144 78 169 117 82 168 

,7@& .067 .033 .018 .008 _ _ _ _ _  .793 ,822 .MO .017 .021 .OB 
266 280 806 330 _ _ _  294 228 318 287 242 128 
I, 

18 108 a2 267 282 132 ea _ _ _  ni zie i r ~  80 

ame 0.8387 aeaw 7.~161 7.8124 a8047 8.4380 8 . 8 ~ 0  _ _ _ _ _ _  a m  a m  7.8124 
.OM .4aa .M7 .008 .oo( .040 .on .071 _ _ _ _ _  .ole .037 .oo( 

7.7771 7 . ~ 2 4  7.8161 8 . m ~  9.8387 a m  ?.ma aoEm an46 _ _ _ _ _ _  8.4360 7 . ~ ~ 2 0  

7.1810 7.8151 8.8887 9 . m 7  0.7610 8.314s a 2746 7 . 7 ~ 4  0 . m  a4m ____._ 8.1118 

4 14 I =a za 118 a2 188 76 205 _ _ _  es 
a ISW anis 7.8028 6.7763 7.~344 a4612 7.~1161 aem 7.8124 7 . ~ 2 0  a 111s _ _ _ _ _  

I07 117 321 846 181 41 165 89 __. 908 284 160 

.OM .oo( .OW .M7 .436 .017 .008 .011 .010 _ _ _ _ _  .On .008 
169 168 14 88 243 98 ZI 141 62 _ _ _  165 41 

.002 ,008 ,047 .436 .068 .021 .018 .008 .037 .On _ _ _ _ _  .013 

.034 .010 .008 .001 . OOL .OB ,008 .033 .OM .008 .013 _ _ _  - 
2 W 3 0 8 3 a 3 3 6 8 2 0 2  346 280 191 318 295 _ _ _  

i 
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Constituent sough 
(4 

U. S. COAST AKD GEODETIC SWRVEY 

Table 29.-Elimination factors-Continued 
SERIEB 169 DAYS. DIURNAL CONSTITUENTS - 

Disturbing constituents ( R ,  C, etc.) 

JI  - 
_ _ _ _ _ _  ____-_  -_ - -  
8.1496 
.014 
106 

a 1341 
.014 
160 

7.9130 
.am 
163 

7.4386 
.om 
357 

8.4234 
.027 
146 

7.9679 .m 
137 

7.9582 .m 
122 

8.0570 
.045 

65 

7.0948 
.001 
176 
- 

KI 

8.1496 
.014 
196 

- 

_ _ _ - - -  _ _ _ _ _ _  _ _ _ _  
8.1496 
.014 
166 

7.7628 
.aM 
188 

7.7628 
.aM 
192 

9.0723 
.118 

7.9130 
,008 
163 

7.9679 .m 
137 

9.8470 . 7 a  
1ul 

7.6128 .m 

101 

io 
- 

MI 

8.1341 
.014 
210 

8.1495 
.014 
195 

-- 

_ _ - _ - -  
_- - - - -  _ _ _ _  
7.4306 
.003 

3 

7.9160 
.m 

207 

7. eea 
.oo(, 
336 

7.7528 
.OOo 
188 

7.9160 
.m 

163 

8.7029 
.OB 
276 

8.0858 
.012 

26 

- 
01 

7.9130 .am 
207 

7.7628 
,008 
192 

7.4386 
.om 
357 

- 

_ _ _ _ - _  _ _ _ _ _ _  _ _ _ _  
7.7427 .ooo 

204 

7.5613 
.004 
363 

8.1495 
.014 
la 

8.1341 
.014 
160 

8.4422 
.028 
273 

8.3724 
.024 

22 

- 
00 

7.4366 .om 
3 

7.7628 .m 
188 

7.9150 
.am 
163 

7.7427 
.OM 

1% 

_.- 

_ _ _ - - -  
_ _ _ _ - _  - _ _ _  
8.1140 
.013 
148 

7. w 3  
a007 
140 

7.8831 .an 
125 

8.3770 . OZi 
08 

0.6248 
.m 
178 
- 

PI 

8.4234 
,027 
216 

9.0723 
.118 
199 

7.8804 
.005 

4 

7.6513 
,004 

7 

8.1140 
.013 
212 

-_ 

- - _ _ - -  _.-_-_ ---- 
7.4230 
.003 
172 

7.7408 
.aM 
167 

8.8470 
.7w 

280 

7.8852 . 010 
29 - 

Q I  

7.9570 .m 
223 

7.9160 
.OM 

207 

7.7628 
.O00 
192 

8.1495 
.014 
195 

7.8343 an 

7.4230 
.003 
188 

- 

220 

_____. _ _ _ _ _ _  
..__ 

8.1496 
.014 
166 

8.2410 
.017 

288 

9.3888 
.245 
218 
- 

2Q - 
7.9582 
.008 

238 

7.9579 .m 
223 

7.9150 
.m 
207 

8.1341 
.014 
210 

7.8G31 
.007 
236 

7.7408 
.aM 
m 

8.1496 
.014 
196 

_ _ _ - - -  
_ _ - - - _  
_ _ - -  
8.0589 
.Oll 

67 

8.6789 
.038 
233 - 

R I  

8.6670 
.046 
296 

9.8470 
.7w 
280 

9.7626 .m 
81 

8.4422 .m 
87 

8.3776 .a 
292 

9.8470 
.703 

80 

8.2410 
.017 
72 

8.0589 
.Oll 

67 

- 

_ _ _ _ _ _  _ _ - _ _ _  _ _ _ -  
8. a 2  
.OM 
110 - 

- 
PI 
4 

7. oe48 
.001 
185 

7. (11% 
.m 
350 

% 
335 

8.3724 .a 
238 

6.6248 .ooo 
182 

7.9852 
.010 
331 

9. asee 
.246 
142 

8.6769 
5 7  

8.2562 
. O M  
2ao 

__--.- __-.-- __--  
/ 
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Constituent 
sought ( A )  

Ki.. ________.__ 

Lz _ _ _ _ _ _  _ _  _ _ _ _ _  

312 ... _ _ _ _  ~ _ _ _ _  

Sz _ _ _ _ _ _ _ _ _ _ _ _ _  

2X _ _ _ _ _  ~ _ _ _ _ _ _ _  

R, ......... _ _ _ _  

Si ...-..... _ _ _ _  ~ 

Ti _____-______ 
X i  ... _ _ _ _ _ _ _ _ _ _ _  

pi. _ _ _ _ _ _ _ _ _ _ _ _ _  

YI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
m i  _ _ _ _ _ _ _ _ _ _ _  

Disturblug constituents (B ,  C, etc.) - 
Kt Li Mi Ni 2N R, Bi  Ti X i  pi YI 2SM ---______---- --- 

_.____ 7.4366 7.7628 7.91M 7.9579 9.8470 9.0723 9.3179 8.4234 7.0848 7.6128 8.145O 

192 M 7  223 280 198 288 216 185 350 26 
7.4365 _ _ _ _ _ _  8.1495 8.1341 8.1078 ,8.74(14 8.3724 8.7614 9.3888 7.4230 7.6513 7.0852 
.003 __.__ ,014 .014 .013 . OM1 .024 . O S 8  .245 ,003 .004 .OlO 

3 _ _ _ _  196 210 220 103 22 122 218 188 353 29 
7.7628 8.1496 _ _ _ _ _ _  8.1496 8.1341 8.4422 7.6613 8.4680 8.3724 7.6613 8.3724 7.5183 

.008 .014 _ _ _ _ _  ,014 .014 .OB . o(w .OB .024 .004 ,024 . 004 

_ _ _ _ _  . M)3 .M)B .008 ,008 .703 I .118 .!BS .On .CQ1 ,003 .014 

- - - -  367 I 

1138 166 _ _ _  196 210 87 7 107 22 363 338 14 

7.9160 8.1341 8.1496 _ _ _ _ _ _  8.1495 8.2410 7.4230 8 . W  7.6613 8.3724 9.3888 6.3082 

163 1M) 166 _ _ _ _  196 72 172 92 7 338 142 179 

7.9579 8.1078. 8.1341 8.1496 _ _ _ _ _ _  8.0588 7.7409 8.1397 7.4230 9.3888 8.6769 7.4186 
.oOg .013 .014 .014 _ _ _  _ _  .Oll .OM ,014 .009 .246 .038 .003 
137 134 150 166 _ _ _ _  67 167 76 172 142 127 164 

8.8470 8.7464 8.4422 8.2410 8.0688 ____._ 9.84iO 9.0726 8.6670 R. 1488 8.2683 8.1600 
.703 . O S 6  .OB .017 . 011 _ _  _ _  ,70a ,118 ,046 ,014 ,018 .029 

80 !A57 273 288 303 _ _ _ _  280 188 296 266 w )  107 

9.0723 8.3724 7.6613 7.4230 7.7408 9.8470 ____._ 9.8470 8.1496 7.6483 7.9662 7.6613 
.118 .024 .004 .003 .M)B ,703 _ _ _ _ _  .703 ,014 .004 .010 .oo( 

.008 .014 ,014 _ _ _ _ _  ,014 .017 , Ooa .ON .OM ,024 .246 . OOo 

lei a38 353 188 103 80 _ _ _ _  280 196 346 a1 7 

9.3179 8.7614 8.4680 8.2850 8.1397 9.071 9.8470 _ _ _ _ _ _  8.7629 8.1568 8.1968 8.44'22 . #K1 .OM .018 ,019 ,014 .118 ,703 _ _ _ _ _  . O I  ,015 ,016 .OB 
61 238 263 288 284 161 80 _ _ _ _  276 246 231 87 

8.4234 9.3888 8.3724 7.5613 7.4230 8.6670 8.1495 8.76% _ _ _ _ _ _  7 . M 2  8.3386 7.4230 

146 142 338 353 188 65 165 84 _ _ _ _  331 316 172 

_ _ _ _ _  P. 1496 7.6426 

.om ,216 .nu ,001 .oo3 . MB .OM . o s  _ _ _ _ _  .oio .on .oo3 

7.Oe48 7.4230 7.11613 8.3124 9.8888 8.1488 7.5483 8.1568 7.8862 
.@I1 .003 .004 .024 .246 .014 ,004 .016 .OlO ~ _ _ _ _  .014 .oO3 

7.6128 7.6613 8.3724 9.3888 8.5769 8. '2663 7.9852 8. l9M 8.3386 8.1496 _ _ _ _ _ _  7.8424 
.003 .004 .024 .246 ,038 .018 ,010 .OM .022 .014 _ _ _ _ _  . Ocn 

10 7 22 218 233 110 29 129 45 196 _ _ _ _  38 

.014 ,010 .004 .ooO ,003 ,029 .OM .OB .003 .003 .@I7 _ _ _ -  

176 172 7 2a 218 9s 14 114 29 _ _ _ _  166 21 

8.1460 7 . 9 ~ 2  7.5483 8.3082 7.4186 8.4580 7.6613 8.4422 7.4230 7.5426 7 . ~ 2 4  ~ _ _ _ _  
334 ai 346 181 im zu m 273 is a~ 324 _ _ _  
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- 

Constituent sought 
(4 
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Table 29.--EZirninatfon factors-Continued 
SERIES 192 DAYS. DIURNAL CONBTITUENTB 

- 
JI 

- -__ - -  - - - - -  
_--- 

7.0013 
.w6 
174 

7.8681 
.006 

188 

7.0366 
.001 

4 

8.0828 
.o12 

7.3818 
.w2 

3 

e. 6161 .ooo 
178 

7.0088 
.001 
173 

8.8281 
.042 

89 

7. a308 .w2 
10 

a44 

- 

- 
KI 

7.0013 . 006 
188 

- 

_ _ - _ _ _  _ _ _ _ _  __ - -  
7. 0013 .wn 

174 

7. 6891 
.004 

10 

7. 588 
.004 

8.8888 
* 048 

8 

7.0366 
.001 

4 

6.6161 
.ooo 
178 

8. 7807 
. e a  

85 

7.6488 
.oo( 

18 

am 

- 

-- 
MI 

7.8581 . 006 
182 

7.8813 .m 
188 

- _ _ _ - -  __- - -  _ - _ _  
8.0828 
.012 

10 

7.0366 .w1 
a68 

8.1441 
.014 
IW 

7.6891 
.oo( 

10 
7.0366 . 001 

4 

8.0800 . MQ 
280 

7.8686 .ow 
22 

Disturbing constituents (B.  C, etc.) - 
01 

7.0366 .w1 
a0 

7.6881 
.004 
360 

a o8m 
.012 
a44 

_ _ _ _ - -  .-_-- _ _ _ _  
7. E828 
.o(u 
340 

e. 4210 .ooo 

7.0013 
.wn 
174 

7. R681 
.005 

168 

8.3888 .on 
205 

7.7078 .wo 
0 

a68 

- 

00 -- 
8. o8m 
.012 

10 

7.5881 .w4 
10 

7.0355 .w1 
4 

7.5828 
.ood m 
_-_.__ 
- _ - _ -  _ _ _ _  
7.8388 
.w7 

19 

7.3409 
.002 

14 

7.0344 .w1 
8 

8.32M) 
.021 

104 

7.8132 
.M)( 

28 

PI 

7.3818 
-002 

8.0808 
.048 

ab1 

as7 

a 1441 
.014 
106 

0.4230 .ooo 
1 

7.8388 
.w7 

a41 

_-___-  _ _ _ _ -  - - - -  
7.1647 .w1 

176 

7. a481 
.002 
109 

9.7807 
.m 
286 

7. a087 
.002 

7 
- 

41 

8.6161 
.Ooo 
182 

7.0366 
* 001 

3MI 

7. 5881 
.004 
3 w  

7.0013 
.006 

188 

7.3408 
.w2 
a40 

7.1647 
9 001 

186 

- 

_ _ _ _ _ _  _ _ - - -  _ _ _ _  
7.0013 .w5 

174 

8.1911 

271 

8 . m  
.072 

181 

. w e  

24 

7.0088 
.all 
187 

e. 6161 .ooo 
182 

7. wis 
.001 

860 

7.8681 . 006 
182 

7.0344 .w1 
362 

7. a481 
.w2 
181 

- 

7. Mia 
.wn 

188 

_ _ _ _ _  __ - -  
a. 0816 

* 012 
n e  

8.0831 
.012 
188 

8. em1 
42 
271 

9.7en7 
.eo4 

286 

8.8800 
.a8 

80 

8.3888 
.023 

86 

8. am 
.02l 

268 

8.7807 
.OM 

86 

8.1811 . 010 
89 

a mi6 
.012 

84 

_..___ - _ _ - -  __ - -  
a. 2024 
.Ol6 
102 

- 
PI - 

7. auyI 
.w2 
a50 

7.8488 
.OM 

344 

7.8586 
.m 

a38 

7.7879 
.008 

864 

7.0132 .om 
a34 

7.3087 
.w2 

353 

as 
168 

5.0931 
.012 lea 

8. 20% .ole 
2b8 

__---- __---  __-. - 
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Oonadtuent 
sought(A) 

Xi --.----e..--------. 

L, ..________._. 

M,. ._.____._._. 

NI ...__.___.___ 

1N ..___._._._.. 

RI ......_..___. 
81 ._____...._.._ 
TI _._______._._ 
XI ..._.._....___ 

I ~ I  ..__....___.._ 

ul........_..___ 

28M .._._______ 

SEBfEB 192 DAYS. SEMIDIURNAL CONSTITUENTS 

Disturbing constituents (E,  C, etc.) 

KI LY MI I NS ZN R~ as T~ xI p~ PI 2 8 ~  

___.. -012 ,004 .001 .OW .ea .049 ,198 .002 ,002 .Mw .Mw _ _ _ _  a44 aso BW 182 20s ai ZM 247 BSO su in 
8.0828 _ _ _ _ _ _  7.8818 7 .~681 7 . m  8.8778 7.7879 8.7616 8 . 8 ~ 1 0  7 . 1 ~ 7  e , imo 7 . a ~  

,012 _-- -_ -008 -006 .MM ,048 ,008 ,088 ,072 .001 .om .OM ie _ _ _ _  188 192 197 io1 e QZ 192 186 SKI 7 

7. ESQI 7.8618 _.____ ~ e e i s  7.6691 asem 6.m ~ 4 0 ~ 7  7.1879 e. 4230 7.713'19 e . 4 ~  

7 . ~ 6 5  7 . e m  7.eeia _ _ _ _ _ _  7 . m  8.1~11 7 . 1 ~ 7  azon e . 4 ~ 0  7.7679 a m  P.W 
.mi .m , MM _.___ , rn ,o ie  .ooi .ole $000 ,008 ,072 .wi 

6.6161 7.8684 7.6691 7.8818 .____. 8.0816 7.8491 R 0649 7.1Mi 8 . M  &OD81 7,161(1 

-------____--- 
8.0828 7.191 7.0365 8.6161 0.78w 8.8888 9.2822 7.3819 7.8308 7.6488 7.6011 

,004 .008 __.__ .o(M ,008 -028 .OW ,028 .008 .OW .008 .ooo 
10 174 _ _ _ _  188 192 96 1 BB 6 868 8M 1 

4 188 174 _ _ _ _  188 89 176 80 1 854 168 176 

. OW , MM .006 . 006 .____ ,012 ,001 ,012 .001 .071 .011 .001 
178 lea 188 174 .___ IM le9 74 176 188 lea 170 

9. 7m 8. e778 aaw 8.1~11 a m i 6  _.____ 9.m 8 . e ~  8. ea1 8 . 0 7 ~ ~ 1  8. m a4057 
06 ma 2 ~ ( i  ni ne _ _ _ _  zea a61 ni 2w l d ~  86 

8.6888 7.7870 e . 4 8 0  7. is47 7.8401 o. 7807 _ . _ _ _ _  o. 7807 7. 881s e. 4286 7.3097 e . a i o  
,049 .ooo .ooo ,001 ,002 ,801 ._.__ .ww ,006 .ooo .OM 

9 BM am ia io1 e6 _ _ _ _  ms 186 am am *Oo0i 

9 . m  8.1816 8.4067 8 . W 7  8.oB(o 8.8888 9.7801 _ _ _ _ _ _  8.0880 8.0860 8.BM) 8.8608 . io8 .OM . 028 .ole ,012 . 040 ,BO( ____. ,019 . o i l  ,017 . oa 
104 288 a74 280 286 9 96 _ _ _ _  280 278 288 96 

7 . ~ 1 ~ .  8 . 8 ~  7.7879 6,4280 7.1547 8.e1oi 7.8818 8 . 8 8 ~ ~  _ _ _ _ _ _  7 . m  7.7eae 7 . 1 ~ 7  

7.8008 7.1547 e.4280 7,7879 a8m a0788 o.ms 8.0~1 7.8087 ..---. 7 . ~ 1 8  e,4w 
io  176 1 e 192 90 1 87 7 .--. 174 m 

7 . w  1x4230 7.7019 8.8~10 ami R= 7 . 8 ~ ~  8 . 2 8 ~ )  ~ 7 e w  7 . ~ 1 ~  _..___ 7 . i m  

ie 1 e 191 188 io1 7 91 18 180 _... 8 

189 aas 819 iw im a74 a~ m 186 a~ 881 _..___ 

.BM .048 .oza .ole .012 _ _ _ _ _  .BM ,040 ,041 ,012 .OM ,026 

-002 .072 ,008 .OW .001 .042 -008 ,049 _ _ _ _ _  .002 OW ,001 
8 188 864 810 186 89 174 80 _... 0ba 84f 176 

.oOa ,001 .ooO .008 ,072 .012 .OW ,012 .oOa ..____ .MM .(100 

, oo( . OW ,006 ,072 ,011 .Ole . Mn ,017 , 006 ,006 .._._ .001 

7.6011 7.8097 6.4266 8.8803 7.1625 8.4067 8.4280 8.9898 7.1647 8.4268 7.1202 _...._ 
,004 .OM .OW .001 ,001 .028 .OW .OB .001 .OW .001 ----.- 
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Table 29.-Elirnination factom- Continued 
SERIES 221 DAYS. DIURNAL CONSTITUENTS - 

I Disturbing constituents (B, C, etc.) 
Constltuent sought ___ 

(*) I J I  - I- 

--- 
MI 

7.4062 
.003 

363 

7.4001 

350 

___ 

. ma 

_ _ _ - _ _  
_ _ _ - -  _ _ _ _  

8.2672 
.019 

28 

7.8848 
.008 

8.4189 
,026 

214 

8.0178 
,010 

7.8848 
.008 

a24 

a2 

aa 
a 0172 

7. m a  

,041 
2a8 

.007 
18 - 

- 
01 

7.8848 
.008 

324 

8.0179 . 010 
328 

8.2872 
.010 

332 

-- 

_____. - - _ _ _  
--._ 

7.9405 
.m 

280 

7.3ab2 
* 002 

188 

7.4081 

4 

7- 4062 

7 

8.2881 . om 
257 

7.8800 
.008 

170 

. ooa 

. ma 

- 

- 
00 

8.2672 
.019 

28 

8.0179 . 010 
32 

7.8848 
.OO8 

30 

7.9406 
.008 

e4 

- -- 

_ _ - _ _ -  __ - - -  _ _ - -  
8.2311 
.017 

70 

7.8828 .m 
08 

7.7940 
,008 

71 

8.0778 
,012 

141 

7.8188 .m 
M - 

- 
PI 

8.36w) 
.OB 

318 

9.2077 
.le1 

322 

8.4188 
.ON 

I40 

7.3362 
.002 

174 

8. m1 
.017 

280 

-- - 

__._-- 
.-e-- 

_ _ - _  
0.7170 
.001 

178 

e. clam 

L 0909 

.ooo 
2 

.488 
281 

7. A854 
.OM 

101 - 

- 
Q I  

7.7889 .m 
321 

7.8848 
.008 

324 

8.0179 
* 010 

7.4081 

3A0 

7.8828 
.007 

282 

0.7170 
.001 

182 

-- 

328 

. ma 

_____. _ - _ _ _  __-. 
7.4001 

* 003 
4 

I. 1112 
, oia 

2ba 

8.8910 
.oca a s  - 

- 
24 ---- 

7.7322 
.006 

317 

7.7909 
,008 

321 

7.8848 
.008 

7. (052 

a24 

. ooa asa 

zag 

am 

am 

7.7940 
.OM 

0. 42x4 .ooo 

7 . 0 1  .ooa 

___.__ __---  _ _ _ _  
7.9748 

,008 
w) 

8.0070 

ada 
. O l O  

- 

-- 
91 

8. b324 
,034 

247 

9.6889 
.498 
I1 

8.6172 
.041 

76 

- -- 

a mi 
loa 

.020 

8.0778 
* 012 

218 

9.0889 
I 498 

108 

8.1112 

107 

7.9748 
,008 

110 

. oia 

_ _ _ _ _  - _ - _  
8.1491 
,014 

e4 - 

- 
PI 

.- . 

7.0536 
.005 

334 

7.7208 
.005 
338 

7. m a  . 007 
341 

7. seoo 
.008 

180 

7.8188 
.007 am 

7. MIM 
.004 

1 I  

8.8810 

8.0073 
,010 

17 

8 14Qb : 014 
2ee 

T 8  

-.-.-. _-.-- .... 
1 
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Table 29.- 's'lirnination factore-Continued 
SERIES 7.21 DAYS. SEMIDIURNAL CONSTITUENTS 

I 

Constltuent 
sought (A) 

K, _ _ _ _ _ _ _ _ _ _ _ _ _  

Lt .___________ ~ 

Mi _ _ _ _ _ _ _ _ _ _ _ _  

N~ _ _ _ _ _  ~ _ _ _ _ _ _ _  

2N _ _ _ _ _ _ _ _ _ _ _ _ _  

FL~ _ _ _ _ _ _ _  ~ _ _ _ _ _  

69.. _ _ _ _ _ _ _ _ _ _ _ _  

TI. __._________ 

AI. _ _ _ _ _ _ _ _ _ _ _ _ _  

pi _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _  

Disturblug constituents (B, C, etc.) 
~ 

K1 L: M i  N: 2N R: S: T: A: p: n 
__---------- 
_ _ _ _ _ _  8.2872 8.0178 7.8848 7 . 7 ~ 9  8.mog 8 . m  8.8831 8 . 3 6 ~  7 . ~ 3 6  7.7208 _ _ _ _ _  .018 .010 .008 .008 .488 .lo1 . 00 ,023 .005 .005 _ _ _ _  332 328 324 321 251 322 213 318 334 338 

8.2872 _ _ _ _ _ _  7.4001 7. W 2  7.4037 8.0188 7.8800 8.6148 8.8310 0.7176 7.3352 
.ON _ _ _ _ _  .003 .003 .003 .042 .008 .044 .OM .001 .002 

28 _ _ _ _  3W 363 349 88 170 02 347 182 180 

8.0179 7.4001 _ _ _ _ _ _  7.4081 7.4052 8.2991 7.3%2 8.3038 7.8800 7.3352 7.8800 . 010 .003 ..-_. .003 .003 .om ,002 .om .008 .002 .MI8 
32 4 _ _ _ _  368 353 103 174 65 170 180 1W 

7.8~48 7.4052 7.4001 ._.___ 7.4001 8.1112 a7170 8.iaz~ 7.3362 7.8800 8.8310 
.MI8 .003 .003 .. _ _ _  .003 .013 .001 .013 .002 .008 .OM 

30 7 4 _ _ _ _  350 107 178 OB 174 190 13 

7.7888 7.4037 7.4052 7.4001 __.___ 7.9748 0.4350 7 .W6 0.7176 8.8310 8.0073 

39 11 7 4 _ _ _ _  110 2 73 178 13 17 
. 000 .003 .ow .MI3 __. _ _  . m . OOO . O l O  . 001 . OGB .010 

9 . 0 ~ 9  8.0189 8 . ~ 1  8.1112 7.~748 _ _ _ _ _ _  9.6070 g.mo a r m 4  a0145 8.1405 
.498 .042 .020 .013 .008 _ _ _ _ _  .498 .lo1 .034 .010 ,014 

108 261 257 253 250 _ _ _ _  251 322 247 283 288 

9.2077 7.8800 7.3352 0.7170 0.4350 9.0870 _ _ _ _ _ _  8.0870 7.4001 7.3333 7.6854 
.lo1 .008 .002 .001 . OOO .488 _ _ _ _ _  .498 .003 .002 . 004 

38 190 180 182 358 109 _ _ _ _  251 360 182 185 

8.9831 8.6148 8.3038 8.1220 7.0990 9.2070 8.0970 _ _ _ _ _ _  8.0172 7.9704 8.0814 
.090 .044 .ON .013 .OlO .lo1 .488 __.__ .041 .009 .012 

147 298 285 291 287 38 108 _ _ _ _  286 301 304 

8.3590 8.8310 7.8800 7.3352 0.7170 8.5324 7.4061 8.0172 _ _ _ _ _ _  7.6854 7.8738 
,023 . oc8 .008 .002 .001 .034 .003 .041 ___._ .004 .007 

42 13 190 180 182 113 4 75 _ _ _ _  185 199 

..7.6536 0.7170 7.3352 7.8800 8.8310 8.0146 7.3333 7.9704 7.6854 _ _ _ _ _ _  7.4081 
.006 .001 .002 .008 .GO8 .010 .002 .OW .004 _ _ _ _ _  .003 

26 178 174 170 347 97 10s 69 105 _ _ _ _  4 

7 . 7 B  7.3352 7 . W  8.8310 8.0073 8.1495 7.5854 8.0014 7.8738 7.4081 _ _ _ _ _ _  
.005 .002 .CHI8 .OM .010 .014 .004 .012 .007 .003 _ _ _ _ _  

22 174 170 347 343 84 105 60 101 368 _ _ _ _  

- 
2SM 

3. 2036 
.OM 

136 

7.6854 
.OM 

185 

1.3333 
.002 

10s 

1.0077 
.001 

172 

9.7183 
.001 

I70 

3. 3038 .om 
06 

7.3362 
.002 

174 

3. 2881 .om 
103 

3.7176 
.001 

178 

7. 3204 
.002 

102 

1.4945 
.003 

158 

- 

.__-__ 
-__-_  __- -  
-_  
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29 

7.8438 
.007 
267 

7. 8350 
.008 
280 

8.0302 
.011 
283 

7.8888 
.WE 

7.6181 
.m 

223 

7.3387 
.002 
346 

7.9011 .om 
317 

____.. 

__.. 

7.7821 
.m 

223 

384 

_-_-. 

8.3852 .m 
3oR 

U. S. COAST ANI) GEODETIC SWRVEY 

SI 

8.3527 .ow 
224 

8. 5800 
.388 
237 

8.5518 
.036 

70 

8.2274 
.017 

6.8868 
.001 
183 

8,5900 
.388 
123 

7.8850 
.010 
124 

7.7821 .m 
137 

_ _ _ _ _ _  

-- 

111 

____. 
-_.. 

8 . m ~  
.012 

e6 

Constituent sough 
(4 

KI 

7.8011 
.008 
347 

..-... 

.._. 

7.8011 
.ooR 

13 

8.1488 
.014 

54 

a 1488 
.014 
306 

8.3280 
.213 

8.0302 
.011 

67 

7.8350 
.m 

80 

8 . m  
.380 
123 

7.7661 
.we 

28 

JI - _ _ _  _ _  _ _  _ _  _ _ _ _ _ _ _  
M I  

7.8888 
.ooR 
334 

7.8011 
.ooR 
347 

_...__ 

_ _ _ _  
8.3544 
.On 

41 

_.... 

8.03~ 
.011 
283 

8.6201 
.033 

6 6 m  

8.1488 
.014 

64 

8.0302 
.011 

67 

a 6518 
.036 

290 

7.6882 
.005 

16 

Qi _ _ _ _ _  _ _ _  _ _  _ _ _ _ _  _ _  
24. _ _ _ _ _ _ _ _  _ _  _ _  _ _ _  

00 

8.3544 
.OD 

41 

8.1488 
.014 

M 

8.0302 
.011 

67 

7.8171 
,008 
108 

~ ~. - - .  _ _ _  . 

-- 

__.. 

8.1443 
.014 
121 

7,7748 
.008 
121 

7.6181 
,004 
134 

6.8858 
.001 
177 

7.8614 
.007 

a? 

Table 29.-Elirnination factors-Continued 
SERIES 2Ml DAYS. DIURNAL CONSTITUENTS 

PI 

8.4769 
.030 
280 

8.3286 
.213 

281 

8.5201 
,033 
127 

7.8M8 .w 
168 

8.1443 
.014 

238 

_ _ _ _ _ _  _ _ _ _ _  
6.2382 .ooo 

1 

7. .3387 
.002 

14 

Q. 6800 
.3RQ 
237 

7.8055 
.008 
142 

J I  

_._. 

7. mi1 
.008 

13 

7.8888 
. O B  

26 

8.0302 
.011 

67 

8.3644 
.023 
318 

8.4768 .om 
80 

7.8360 
.008 

80 

7.8438 
.007 

83 

8.3527 
.m 

138 

7.7786 .m 
42 

Disturbing constituents (B, C, etc.) 

01 

8.0302 
.011 
283 

8.1488 
,014 
300 

8.3544 
. on 
318 

- 

_.__ 

7.8171 
.008 
252 

7.6028 
.004 
182 

7. 8011 
,008 

13 

7. RE88 
.008 

28 

8. 2!274 
.017 

1 8  

B. 2406 
.017 
165 
- 

QI 

7. 8350 . 008 
280 

8.0302 
.011 
283 

8.1489 
.014 

300 

-_ 

7.~~11 
,008 
347 

7.7748 .we 
238 

6.2382 
.Ooo 
358 

_ _ _ _  
7.6011 
.ooR 

13 

7. QQM . 010 
236 

D. 2133 
. I 6 3  
321 
- 

-- 
PI - _- 
7. neB 
,008 
318 

7.7661 
.ooR 
331 

7. 6882 
.005 
344 

8. 2405 
.017 

ms 
7.8514 
.007 

277 

7.8855 
.008 
218 

8. 2133 
.le3 

38 

8.3852 
.OB 

62 

8. OBM .on 
275 

_ _ _ _ - - -  
_ _ _ - -  __ - -  
/ 
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Constituent 
nought (A) 

IC: _..________________ 

I,, _ _ _ _ _  ~ _ _ _ _ _ _ _  

M, _ _ _ _ _ _ _ _ _ _ _ _ _  

N: _ _ _ _ _ _ _ _ _ _ _ _ _  

2N. _ _ _ _ _ _ _ _ _ _ _ _  

Rz _ _ _ _ _  ~ _ _ _ _ _ _ _  

81 ._________ 

Ta - _ _ _ _ _ _ _ _ _ _ _ _  

XI 

6%- -__-___- -___ 

5- - _ _ _ _ _ _ _ _ _ _ _ _  

S M  - _ _ _ _ _ _ _ _ _ _  

EERIE8 2w DAYS. 8EMIDIURNAL CONSTITUENT8 

Disturbing constituents (E ,  C, etc.) 

Kr Li MI NI 2N R, BY TI X I  III 4 28M 
------------- 

8.3644 8.1489 8.03M 7.9350 9 . m  9.3288 8.4129 8.4788 7.7798 7.7881 8.3023 _ _ _ _ _  .023 .014 .Oll .008 .389 .213 ,026 . Ru) .008 .008 .Om _ _ _  319 aoe zea 280 237 2~ a60 280 818 331 101 

a w  _ _ _ _ _ _  7.0011 7.maa 7.8708 am2 azw 8.8834 9.2133 1~2382 7.6028 7.8965 

8.1488 7.8011 _ _ _ _ _ _  7.9011 7.01398 8.2274 7.0028 8.1378 8.2406 7.8028 112406 7.~9828 

M ia _ _ _  347 334 111 188 u 165 192 106 isti 

8.0301 7 . m  7.8011 _ _ _ _ _ _  7.0011 7 . m  am2 aowa 7 . m e  azm 9.2133 7.1887 
.011 .008 .008 _ _ _ _ _  .008 . O l O  .OW .Oll .W .017 . lo3 .W1 

87 28 13 _ _ _  a47 ,124 1 60 188 1O6 39 188 

7.8960 7.8703 7.8888 7.0011 _ _ _ _ _ _  7.7821 7.3397 7.9414 8.2381 9.2133 8.8862 8.2381 
.009 .OW .008 .008 _ _ _ _ _  .008 .002 .009 .ooO .183 .024 .ooO 

80 89 26 13 _ _ _  187 I4 71 1 89 62 2 

9.6WW) 8.6872 8.2274 7.8960 7.7821 _ _ _ _ _ _  8.6901 9.3288 8.3628 7.9698 8 . W  8.1376 
.889 .a7 .017 .OlO .008 _ _ _ _ _  .aeO .213 .029 .006 .012 .014 

123 282 249 !238 228 _ _ _  237 294 224 Bl 276 44 

..--9.8288 8.2406 7.8029 8.2382 7.3397 9.6901 _ _ _ _ _ _  9.6001 7.9011 7.6928 7.8965 7.8029 

88 1O6 192 8bQ 348 123 _ _ _  237 347 1O6 218 188 

.028 _ _ _ _ _  ,008 .008 .W7 .037 .017 .023 .183 .ooO .OM .008 
41 _ _ _  347 334 391 98 165 31 321 369 192 143 

.014 .008 _ _ _ _ _  .008 .008 .017 . W .014 .017 .OM .017 . W 

.a18 .017 .oo( .OW .002 .a88 _ _ _ _ _  .31)8 .W .W .008 .oo( 

8.4128 8.3634 8.1378 8.0U9 7.9414 9.3288 9. 690901 _ _ _ _ _ _  8.6519 7.7084 7. e345 8.2374 

a4768 e.2133 8 . ~ 0 6  7.8029 8.m~ 8.8628 7.9011 SMIQ _ _ _ _ _ _  7 . w  ama 8.m~ 
.080 .la ,017 .W . o o ~  .m .008 .038 _ _ _ _ _  .008 .ole . o o ~  

.006 .ooO .W .017 .I88 .008 .W .W ,008 _ _ _ _ _  .om .OM 

.oab ,028 .014 .011 .ooQ .218 .a89 _ _ _ _ _  .W .W5 .OM ,017 
10 829 818 801 289 68 la _ _ _  2W 328 341 111 

80 89 1O6 192 869 188 13 70 _ _ _  218 Pl 1 

7.7798 (Lz882 7.8019 az406 9.2183 7.8646 7.6828 7.7084 7.6966 _ _ _ _ _ _  7.0011 7.1769 
42 1 188 166 3?l 89 166 81 142 _ _ _  18 143 

7.7681 7.8039 8.UO6 9.2133 8.3862 8.W 7.6966 7 . M  8.1982 7.0011 _ _ _ _ _ _  7.7871 
.008 .W .017 .Id9 ,024 .019 .008 .W .OM .ooS _ _ _ _ _  .006 

8.8023 7.8966 7.6928 7.1897 8.ml 8.1376 7.8019 B a n 4  8.2382 7.6769 7.7871 _ _ _ _ _ _  
.O!M .008 .W .W1 .OOO .014 .W .017 .OOO .W .006 _ _ _ _ _  

28 168 165 321 a o ~  I 14a 19 128 347 _ _ _  180 

IO 218 106 192 asn 310 lea 119 me 217 m _ _ _  
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2Q 

7.5072 
.004 
216 

7.8260 

239 

8.0127 
.OlO 
261 

8.0469 
.011 
315 

7.1604 .ax 
342 

7.6574 .w 
334 

8.0816 
.012 
337 

-- 

.a17 

__.. . 
_..._ 
__. 

7.3480 
,002 
196 

8.4421 
.OB 
274 

Constituent sough 
( A )  

81 

7.9987 
.010 

200 

8.4495 

222 

8.4RW 
.031 

e5 

8.15'23 
.014 
119 

7.8211 
.m 
326 

9.4406 
.282 

1% 

7.8251 
.007 
141 

7.3400 
,002 

104 

- 

.m2 

-___. . 
__.-. _ _ _  
8.0384 
.011 

i7 

U. S. OOAST AND GEODETIC SURVEY 

Table 29.-Elirnination factors-continued 
SEBIEB 27s DAYS. DIURNAL CONSTITUENTS 

_._-. 
-.. 

8.0818 
. o n  

23 

8.0469 
.011 

46 

8. o1n . 010 
OB 

8.3~11 
.026 am 
8.3841 
.024 
118 

7.8250 
.007 
121 

7.6672 
.001 
144 

7.9987 
.010 
100 

7.8338 
.007 

67 

KI I MI --I__ 
8.0816 8.0468 

.012 .011 
337 316 

__.._. 8.0816 
_..-_ .012 
_-. 337 

8. 1800 8.0ln 
.016 .010 
284 201 

9.3172 8.5477 
.208 .036 

95 252 

8.0127 8.1800 
.OlO .015 

OB 76 

7 8250 8.0127 
.007 .010 
121 OB 

8.4495 8.4890 
,282 .031 

138 285 

7.7047 7 6510 

35 12 
.eon I :a 

Dlsturblng constituents (B ,  C. etc.) 

0 1  

8.0127 
.010 
261 

8.1800 
.OlS 

8.3861 
,026 
306 

284 

--_._ 
-._._ _ _ _  
7.6571 
.004 

208 

7.7343 
.MI5 
180 

8.0816 
.012 

23 

8.0469 
.011 

46 

8.16'23 
.014 
7.41 

8.3798 
.024 
138 
- 

-- 
00 

-- 
R. 3001 
.025 

54 

8.1800 
.016 

76 

8.0127 
.OlO 

OB 
7.6571 
.004 
152 

- - _ _ _  _ _ _  
7.34w 

* 002 
171 

6. 7368 
.001 
175 

7.1864 
.002 

18 

?. 921 1 
.008 

34 

7.7771 .ooo 
111 

PI 

8.3841 
.024 

242 

8. 3172 .m 
265 

8.5477 
.a35 
108 

7.7343 
.005 
161 

7.34w 
.002 
189 

_ _ _ - -  _ _ _  
6.8592 
.001 

4 

7.5574 
,004 

26 

8.4485 
.282 m 
7. Bggo 
,010 

1#) 

QI 

7.8250 
,007 
238 

8.0127 
.010 
261 

8. 1800 
,016 
284 

A. 0810 . o n  
337 

6. 731 
.001 
185 

6. Rb92 
.001 
360 

- 

_.- 

8.0810 
.012 

23 

7.8261 
.007 
219 

8. 3242 
.211 

288 
- 
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Constituent 
sought (A)  

_ _ _ _ _ _ _ _ _  ~ 

L~-- _ _ _ _ _ _ _ _ _ _ _  

M; _ _ _ _ _ _ _  _ _ _ _ _ _  
N ~ . .  _ _ _ _ _ _ _ _ _ _ _  

1N ._.________._ 

RI .______._____ 

8: ____._____.___ 

TI _.._____.____ 

xt - _ _ _ _ _ _ _ _ _ _ _ _ _  

PI _ _ _ _ _ _ _ _ _ _ _ _ _ _  
n_________.____ 

18M _.___.__.__ 

Table 29.-Elimination factors-Conilnued 
SERIES Z l B  DAYS. SEMIDIUBNAL CONSTITUENTS 

Dbturhlng constltuents (P, C, eto.) 

L MI Nt 2N Rs 8r TI At PI n 28M ---__----- --- 
IC’ I _ _ _ _ _ _ _ _ _  8.aeei 8.1800 8.oin 7 . ~ 0  9.4494 9.3172 9.0421 8 . ~ ~ 1  7.13339 7.7047 8.22~16 

_ _ _ _  306 284 281 239 2 2  2e5 308 242 303 a% 88 

8.3961 ~ _ _ _ _ _  8.0818 8 . o m  7.98124 8.6211 8.3798 0.8067 e.az42 8 . ~ ~ 2  7.7343 7 . m  

64 _ _ _ _  an 315 292 ea 139 1 zm 356 iw 130 

8.1800 8.0816 _ _ _ _ _ _  8.08ie 8.01ee 8.1623 7.7343 7.8491 8.a798 7.734 8.8798 7.7105 

8. oin 8.0489 8 . o m  ~ _ _ _ _ _  8. 0818 7 . 8 ~ 1  e.me2 7.eio8 7.7343 8.8798 9.8242 7.2354 

99 45 28 _ _ _ _  a37 141 4 46 181 221 64 165 

_ _ _ _ _  .026 .015 . O l O  .007 ,281 .208 . 110 .024 .OW ,008 .017 

.O% _ _  _ _ _  .012 . O l l  . O l O  .033 .024 ,001 .211 .001 .W ,010 

.015 .012 _ _ _  _ _ _  ,012 .011 ,014 .005 .007 .024 .005 ,024 .006 
76 23 _ _ _ _  837 316 119 161 24 139 199 221 142 

.010 .011 .012 _ _ _ _ _  .012 ,007 ,001 .008 .005 .024 ,211 .W 

7.8260 7.9888 8.0469 8.0816 _ _ _ _ _ _  7.8488 7.8721 7.8886 6.8692 9.8U2 8.4421 6.8688 
,007 . O l O  .011 ,012 _ _  _ _ _  .002 .007 ,008 . O O l  ,211 .OB .001 

121 68 45 23 _ _ _ _  164 88 69 4 64 86 8 

0 . 4 4 ~  8.6~11 8.1628 7.8261 7.a488 _ _ _ _ _ _  9.4408 9.8172 7.9987 7.9102 8 . w  7 . ~ 1  
.281 . osa ,014 .007 ,002 _ _ _ _ _  . aa .zo8 .oio .oo8 . o i l  .007 

e . a m  8.8798 7 . 7 ~ 8  6,eiea 7.8721 9 . 4 4 ~ 0  __.___ 0 . ~ 9 8  8.oeie 7.7106 7.8890 7.7848 

la8 264 241 219 188 _ _ _ _  223 265 2W 260 288 24 

,208 ,024 I 008 ,001 ,007 ,382 _._._ ,282 .012 .006 .010 .006 
96 221 199 8.56 204 187 _ _ _ _  228 237 218 240 161 

0.0421 6.0067 7.8491 7.9108 7.8886 9.8172 9.4496 _ _ _ _ _ _  8.4881 6.8703 7 . M l  8.1523 
. l l O  ,001 ,007 .008 ,008 ,208 ,282 _ _ _ _ _  .081 .001 .OM -014 

62 a59 836 814 291 98 187 _ _ _ _  296 mi 198 119 

8,asci 9.8242 8.8798 7.7a48 e.8sez 7.9907 8.oaie 8.4891 _ _ _ _ _ _  7.9890 8 . m  6 . m a  

7.8999 6 . ~ ~ 2  7.7848 8.8708 o . a z a  7.9102 7.7106 6.87oa 7 . 9 9 ~ )  _ _ _ _ _ _  8.0816 7 . ~ 0 7  

17 4 161 189 290 100 141 5 130 ..__ a 124 

.we ,008 .024 .211 ,038 .oii .oio .004 .OM . o n  _ _ _ _ _  . 007 
8s lei iae 206 274 77 110 lea 97 887 _ _ _ _  101 

.024 .211 .024 I 006 .001 ,010 .011 .081 _ _ _ _ _  . O l O  .018 ,001 
118 64 221 199 866 160 138 ed ... 240 188 4 

-007 . O O l  .006 .024 ,211 ,008 ,005 ,001 . O l O  _ _ _ _ _  ,012 ,006 

7.7047 7.7840 8.8798 9.8242 8.4421 8.0384 7.9980 7.5641 8.2.664 8.0816 ._____ 7.8W 

8.2248 7.9880 7.7106 7.2364 6.8588 7.8491 7.7348 8.1623 6.8692 ?.e897 7.8288 ___._ 
,017 .010 ,005 002 $001 ,007 ,005 .014 ,001 .006 .007 ___. 

284 240 218 196 862 886 189 241 866 236 269 _ _ _  



268 

00 

7.6380 
.m in 

8.0288 
,011 

133 

7.0889 
,010 

7.8898 
.007 

87 

_ _ _ _ _ _  _ _ - _ _  
_ _ - _  

8.0864 
.012 

e6 
7.63#) 
.w4 

47 

U, 8, COAST AND QEODETIC SZTRVEY 

-- 
PI 

8.a8BB 
.025 

-- 

287 

0 . 1 8 6  
. l 8 l  

247 

8.2O44 

Q 4 n  
7.74e7 .m 

21 

8.0864 
.012 
184 

_ _ _ _ _ _  

.ole 

- _ _ - _  
.___ 

7. 6203 .ala 
161 

Table 29.-Elirnlnatlon factors-Continued 
BEBIEB 2W DAYS. DIUBNAL CONSTITUENT0 

81 

8.4201 
.O28 

253 

8.3300 
.217 

7.6302 .m 
I74 

214 

7.6aae 
,003 

187 

8.1430 
,014 
280 

8. aae0 
.217 

7.8031 
.OM 

127 

7.8741 

a7 

148 

,007 

_ _ _ _ _ _  ____. _ _ _ _  
7.8807 
,008 

48 

--c 

PI --- 
7.6223 
.003 

7.3807 .m 
8.1018 
.Ol8 

308 

8.4724 
.030 

3M) 

7.6129 .m 
210 

8.0286 

are 

.011 

9. a968 
ne 

. 2 l L  

8.- 
.017 

40 

7.8887 
.008 

312 

..---- _--.- ..-- 

Disturbing constituentf (8, C, EW.1 

KI 

8.2770 
,018 

_ _ _ _ _ _  - _ _ _ _  _ _ - _  
8.2770 
,010 

140 

8.0288 
,011 

8.0288 
-011 

u a  

o.zne6 
.18i 

iia 

7.9098 

M 

7.7728 

o.aam 

7.am7 .ooa 

,010 

,008 
64 

,217 
116 

14 

0 1  

7. geBB 
. O l O  
288 

8.0288 
-011 m 

7. 6aa8 .ooa 
187 

-- 

_ - _ _ _ _  - _ _ _ _  _ _ _ _  
7 . w  
. w 7  na 

7.7487 

a39 
.m 

8.2770 
.ON 

140 

8. ien 

7. m e  

.016 
100 

.wa 
183 

8.4724 
* 030 

80 

MI 

8. loa 
.016 

1 2 0 2 . 6 0  

8.2770 
.ON 
m 

-- 

_ _ _ _ - _  _ _ _ - _  

7.6888 .ooa 

7.8898 
,010 

m280 

178 

8.2044 .ole 
8aa 

8.0280 

iaa  
7 . 0 8 ~ ~  

7.1a02 

8. ioio 
.oia 

.011 

.010 
94 

-008 
188 

64 

6.7L10.5 
.001 

7 

8 . 1 4 ~  
,014 

100 

7.6128 
.w3 

147 

7.8lM 
,007 

121 

o.am 
,217 

214 

8.0288 
,011 

81 

Q I  - 
7. nza .m 

308 

7.88QB. 
.010 
2ee 

8.0280 
.011 m 

8.2770 
* 010 
m 

7. ea20 
.w4 

7 . 6 m  
* w 3  
198 

ala 

- _ - - _ _  _ _ _ _ -  - _ _ _  
8.2770 
,019 

140 

.m1 .we 
2aa 

8. am 
,217 
380 - 

24 -- 
7.1488 
.001 

7.7728 .m 
308 

7.8889 
. O l O  
280 

348 

8. iezz 

e. 7iu16 
m a  

ne 

,016 
280 

. 001 

7.81ea 
.w7 

8.2770 
.ON 

220 

_ _ - - - _  -__-. _ _ _ -  
I. 8741 

.007 
273 

8 . 2 m  
.017 am - 
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Constituent 
eonght(A) 

rc, __.___________ 

h.... _ _ _ _ _ _ _ _  ~ 

MI-- _ _ _ _ _ _ _ _ _ _ _  

N: _ _ _ _ _ _ _ _ _ _ _ _ _  

2N -... _ _ _ _ _ _ _ _ _  

Rr _ _ _ _ _ _ _ _ _ _ _ _ _  

81 ... _ _ _ _ _ _ _ _ _ _ _  

T: __.___.______ 

AI- _ _ _ _ _ _ _ _ _ _ _ _ _  

WI _ _ _ _ _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _  ~ _ _ _ _  

28M _ _ _ _ _ _ _ _ _ _ _  

SEBIES 287 DAY& SEMIDIURNAL CONSTITUENTS 

Dlsturblng constituent3 (B, C, eto.) - 
XI h MI NI IN Rt 61 TI Xa ~i m 24M ------------ 

~ _ _ _ _  7 . w  8 . o m  7.0099 7 . ~ 2 6  Q . ~ Q  8 . m  8.1076 8.~1~88 ? . ~ a  7.8807 8 . ~ 7  

_ _ _ _  187 za7 ma 308 214 247 mi a7 108 M ~ I  ~8 
. _ _ _ _  .008 .Jll ,010 .008 ,217 .I81 . I28 .O% .003 .001 ,017 

7.5338 _ _ _ - _ _  8.2770 8.1622 7.8326 8.1514 8.4724 8.6711 9.8380 7 . W  7,7487 0,OZSa 
,003 _ _ _ _ _  ,019 .016 . 000 ,014 .030 .Oa7 ,217 .003 .wd ,011 

173 _ _ _ _  220 284 800 27 80 84 2@ 199 998 81 

8.0288 8.2770 ._____ 8.2770 8.1622 7.633938 7.7407 8.1288 8.4724 7,7407 8,4724 7,7178 

133 140 _ _ _ _  220 280 167 21 64 00 839 900 OW:1 

7.8888 8.1622 8.Zl70 _ _ _ _ _ _  8.2770 7 . W 1  7.6300 7.4214 7.7407 8.4724 8.3380 6.2014 
. O l O  .016 ,019 _ _ _ _ _  .ON .OM .W3 .W3 .OM ,030 .a17 .Mx) 

Q4 100 140 _ _ _ _  220 127 161 14 21 800 80 1 

7.7728 7.8320 8.1622 8.2770 _ _ _ _ _ _  7.8741 7.8188 7.6240 7.6aW 8,3806 8.2220 7,MN 
.W6 .008 .016 .018 _ _ _ _ _  .007 .007 .oOa .W3 ,217 ,017 .003 

64 Bo 100 140 _.__ 87 121 166 101 80 40 142 

.011 .018 _ _ _ _  ~ .018 .016 .003 .008 .013 .@XI ,008 ,030 

8.8358 8.1614 7.6338 7.8031 7.8741 _---__ 9.3362 8.2506 8 . 4 W  7.01M) 7.8891 8.1268 
.217 .014 ,003 .008 .007 _ _ _ _ _  .217 .181 ,028 .001 .008 ,013 

Q. 2M1J 8,4724 7.7407 7.6300 7.8183 8.3382 .__.__ 8.3362 8.2770 7.7178 8.0288 7,7467 
.181 .030 ,008 .003 .007 .217 _ _ _ _ _  .217 .010 .006 .011 ,006 

146 a33 193 m 273 _ _ _ _  214 247 w9 852 sia M 

113 300 338 199 PQ 140 _ _ _ _  214 m ai9 278 21 

78 m aw 346 205 11s 146 _ _ _ _  188 285 245 167 

73 80 300 a38 188 io7 140 174 _ _ _ _  WQ 9 9  161 

9.1076 8.6711 8.1288 7.4214 7.6240 9.- 8.3362 ._.___ 7 . W  7.8820 8.M38 7.6338 
,128 .037 .013 .003 .003 .I81 .217 .____ .003 .008 ,010 . OC.3 

8.3888 8.3386 8.47'24 7.7467 7 . W  8.4" 8.2770 7 . W  ____._ 8.0288 8.1647 7.5300 
.O% .217 ,030 .008 ,003 .026 .019 .003 _ _ _ _ _  .011 .015 ,003 

7.6223 7.63300 7.7467 8.4724 8.3386 7.0160 7.7170 7.8820 8.0288 ._____ 8,2770 7.8880 . W3 . 3003 .008 .030 .217 . 3001 .006 .008 .011 .____ .018 . 006 
164 101 21 Bo 280 8 41 76 81 _ _ _ _  140 62 

7.9807 7.7487 8.4724 8.8388 8.2220 7.8887 8.0280 8.0038 8.1047 8.2770 ._____ 7.7884 
.W2 .Mw .030 .217 .017 .WE . O l l  .OlO .015 .018 _ _ _ _ _  .008 

8.2367 8.0288 7.7118 6.2014 7.€fJ€fJ 8.1288 7.7461 7.5338 7 . W  7.8880 7 . 7 W  _ _ _ _ _ _  
,017 .011 .COS . Mx) .MI3 .013 .008 .003 ,003 .005 .OM ___._ 

14 21 BO 280 320 4s 81 11s 121 220 _ _ _ _  ina 

nz no ai8 368 218 308 330 183 ~ Q Q  r ~ 8  WI _.._ 
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Table 29.-Eliminatfon factors-continued 
SERIES 826 DAYS. DIURNAL CONSTITUENTS 

Constituent sougb 
('4) 
- 

JI - 
-____. - _ _ _ _  
-__. 

8.134 
.014 
160 

8.0898 
,012 
119 

7.8631 
.007 
125 

7.4352 
* 003 
354 

8.3382 . on 
111 

7.8244 
.007 

96 

7.8841 .m 
64 

8.2809 
.ON 
130 

7.0934 
.001 
170 
- 

- 
KI 

8.1340 
.014 

210 

_-_-_. - _ _ _ _  _ _ _ _  
8.1340 
.014 
150 

7.7427 
.006 
158 

7.7427 .ooo 
204 

9.0470 
.111 

141 

7.8831 
* 007 
125 

7.834 
.007 

95 

9.0723 
.118 
181 

7. m1 
.003 m 

.- 

- 
MI 

8.0698 
.o12 
241 

8.1340 
,014 
210 

- 

--.___ 
_._._ 
___. 

7.4352 
.003 

6 

7.8631 
.007 
235 

7.6587 
.005 
352 

7.7427 
.006 
I58 

7.8831 . 007 
125 

7.7472 
.006 
191 

8.0423 
. O H  

M) - 

Disturbing constituents (B ,  C. etc.) - 
01 

7.8631 
.007 
235 

7.7427 
.OM 

204 

7.4352 
.003 
354 

- 

-_.___ 
____. 
-__. 

7.7018 
.005 

228 

7.5483 
.004 
346 

8.1340 
.014 
150 

8. oBQ8 
.012 

119 

7.0956 . 001 
185 

8.3388 . on 
4s 
- 

-- 
00 

7.4352 
.003 

7.7427 
.OM 
158 

7.8631 
.@I7 
125 

7.7018 
.005 
131 

- 

e 

- - _ _ - _  
__..- _ _ _ _  
8.0443 
.Oll 
117 

7.7m 
.OM 

101 

7. em 
.004 

70 

7.8488 
.m 

138 

6 . 6 3 6  .ooo 
1 78 
- 

- 
PI 

8.3382 .m 
249 

9.0470 . 111 
210 

7.8587 
.006 

8 

7.5483 
.004 

14 

8.0443 
.011 
243 

- 

- - _ _ _ _  
--.__ 
._-_ 

7.4188 
.003 
164 

7.7040 
.005 
1% 

B. 0723 
.118 
199 

1.9254 .m 
68 
- 

- 
QI 

7.8244 
.007 

20( 

7.8831 
.007 

231 

7.7421 
.m 

204 

8.134C 
.014 

7.7204 
.005 

259 

7.4188 
.003 
188 

- 

210 

_ _ _ _ _ _  _--._ _ _ _ _  
8.1340 
.014 
1W 

7.7258 
.005 

216 

e. 2882 

256 
. im 
- 

- 
24 

7. 8841 
,005 

288 

7.8244 
,007 
265 

7.8831 
.007 
235 

8.0698 
.012 
241 

7. em 
.m 

290 

7.7040 
.005 

227 

8.1W 
.014 
210 

- 

_ _ _ _ _ _  
____. 
__._ 

7.7948 
.008 
246 

8.3584 
.OD 

286 
- 

- 
81 

8.2809 
.ole 

230 

9.0723 . 118 
199 

7.7472 
.OM 
169 

7.0958 
.001 
175 

- 

7. wee 
.m 

224 

9.0723 
.118 

161 

7.7268 
.005 
144 

7.7848 
.006 
114 

- _ - - _ _  
____. _ _ _ _  
7.7844 
.m 

39 
- 

-- 
PI - 
7.0934 
.001 
lw) 

7.6061 
.003 
340 

8.0423 
.OH 
310 

8.3388 .on 
315 

e. 8245 .ooo 
184 

7.9254 
.008 
301 

0. zsaz 
.181 

106 

8.3694 
.m 

76 

7.7844 .om 
321 

_ _ _ - - -  __-.- __- -  
/ 
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Constituent 
sought (A)  

KI _ _ _ _ _ _ _ _ _ _ _ _  ~ 

LY _ _ _ _ _ _ _ _ _ _ _ _ _  

Mi. _ _ _ _ _ _ _  ~ _ _ _ _  

Na _ _ _ _ _ _ _ _ _ _ _ _ _  

2N ... _ _ _ _ _ _ _ _ _ _  

Ri _ _ _ _ _ _ _ _ _ _ _ _ _  

8s _ _ _ _ _ _  _ _ _ _  _ _ _ _  

TI _ _ _ _ _ _ _ _ _ _ _ _  ~ 

XI _ _ _ _ - _ _ _ _ _ _ _ _  

pi _ _ _ _ _ _ _ _ _ _ _ _ _  

VI  _________.____ 

28M _._________ 

SERIES 826 DAYS. BEMIDIUBNAL CONSTITUENTS 

Dbturblng comtltuents (B, C, etc.) 

KI L Mi Ni 2N Ri S i  Ti XI ci us 2SM 

_ _ _ _ _ _  7.4362 7.7427 7.8631 7.8244 9.0720 9.0470 9.0037 8.3392 7.OB34 7.Mw1 8.0871 _ _ _ _ _  .Om .008 .MI7 .007 ,118 .111 .lo1 . O n  .001 .003 .013 _ _ _ _  854 BI4 236 265 199 219 238 249 190 340 63 

7.4362 _ _ _ _ _ _  8.1340 8.0688 7.0526 8.0858 8.3386 8.4862 9.2882 7.4186 7.6483 7.9264 
.003 _ _ _ _ _  .014 .012 .W .012 .On .031 .194 ,003 .004 .008 

6 _ _ _ _  210 241 271 25 46 64 266 186 346 69 

7.7427 8.1340 ._____ 8.1340 8.0688 7.0866 7.6483 7.9leO 8.3386 7.6483 8.3388 7.6347 
.008 .014 _ _ _ _ _  .014 ,012 ,001 .004 .008 . O n  .OM .On .003 

lE0 160 _ _ _ _  210 241 176 14 34 46 346 316 28 

--______------- 

7.8631 8.0688 8.1340 _ _ _ _ _ _  8.1340 7.7269 7.4180 6.7213 7.6483 8.3388 9.2882 6.3083 
.007 .012 .014 _ _ _  _ _  .014 .006 .003 .001 .004 .On .194 .ooO 

125 119 1M) _ _ _ _  210 144 164 3 14 31s 106 178 

7.8244 7.9628 8.0698 8.1340 _ _ _ _ _ _  7.7948 7.7040 7.6123 7.4186 9.2882 8.3594 7.4010 
.007 .oOg .012 .014 _ _ _ _ _  .006 .005 ,003 .003 .1Q4 .OB .003 

96 89 119 160 _ _ _ _  114 133 163 164 105 76 148 

9.0120 8.0868 7.0858 7.7269 7.7948 _ _ _ _  _ _  9.07% 9.0472 8.2809 7.0444 7.7843 7.9190 
.118 .012 .001 .005 .OM -.___ * 118 .112 .010 .001 ,008 .008 

161 336 185 216 246 _ _ _ _  199 219 230 351 321 34 

0.0470 8.3386 7.6483 7.4186 7.7040 9.W25 _ _ _ _ _ _  8.0725 8.1340 7.6347 7.9W 7.6483 . 111 .On . 004 .003 ,005 .118 _ _ _ _  - .118 .014 .003 .008 .004 
141 315 346 186 227 161 _ _ _ _  188 210 332 301 14 

9.0037 8.4862 7.9190 6.7213 7.6123 9.0472 9.0725 _ _ _ _  _ _  7.7408 7.7359 7.9880 7.0953 
.lo1 .031 .008 .001 ,003 .112 .118 _ _ _  _ _  .008 .006 .010 .001 

122 296 326 367 207 141 101 __._ 191 312 282 176 

-8.3392 9.2882 8.3388 7.6483 7.4186 8.2808 8.1340 7.7588 .___. ~ 7.9254 8.1912 7.4186 
.022 .194 .On .004 .003 .019 .014 .008 ~ _ _  _ _  .008 .016 .003 

111 106 316 346 186 130 1W 109 _ _ _ _  301 271 164 

.7.0834 7.4186 7.6483 8.3386 9.2882 7.0444 7.4347 7.7359 7.9264 ..____ 8.1340 7.6118 
.001 .003 .OM .022 .1Q4 .001 .003 .o(w .008 _ _ _ _ _  .014 . 003 

170 164 14 46 255 9 28 48 69 _ _ _ _  1W 43 

7.5031 7.6483 8.3386 9.2882 8.3684 7.7843 7.9264 7.9880 8.1912 8.1340 _ _ _ _ _ _  7.7477 
.003 .004 .022 .194 .023 .008 .008 .010 .016 .014 _ _ _ _ _  .008 

#) 14 46 255 285 39 69 78 89 210 _ _ _ _  73 

8.0971 7.9254 7.6347 6.3062 7.4010 7.9190 7.6483 7.0866 7.4186 7.6118 7.7477 _____. 
.Ol3 .008 .My( .OOO .003 .@XI .004 .001 .003 .003 .OM _ _ _ _ _  

307 301 332 182 212 326 346 186 108 817 287 _ _ _ _  
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Table 29.-Elimfnation factors-Continued 
SEBIES 566 DAYS. DIUBNAL CONSTITUENT8 

I 
Constltuent sought __ 

( A )  I 
JI 
-- 

KI 

7. M& 
.m 

-- 

mi 
- - - - _ _  
- - -__  - - _ _  

7.9464 .m 
168 

6.7064 
.001 

178 

6. 7064 
.001 

182 

8.4581 
. o m  

170 

7.6111 
.003 

167 

7.6331 
.004 

136 

8.45M . om 
176 

7.6784 .an 
26 

- 
MI 

7.8167 
.m 

221 

7.9464 
.m 

- 

mi 

- _ _ _ _ _  
- - _ _ _  
-..- 

7.8888 
.m 

18 

7.6111 
.003 

7.7393 
.006 

181 

6.7064 
.001 

178 

7. 6111 
,003 

167 

7.8651 
.007 

7.8838 . 010 
47 

203 

im 

- 

Dlsturblng constituent3 (B,  C, etc.) 
- 

01 - 
7.6111 
.003 
203 

6.7064 
.001 

182 

7.8888 
.m 

341 

- _ _ _ _ _  - _ _ _ _  _ _ _ _  
6.7060 
.001 

185 

7.2500 
.002 

362 

7. 9464 .m 
168 

7.8167 
.008 

138 

3. n28 
.001 

367 

3. 1384 
,014 

29 
- 

- 
00 

7 . w  
.m 

1$ 

6.7084 
.001 

178 

7.6111 
.003 

167 

6.7080 
* 001 

176 

-- 

- _ _ _ _ _  
.____ - _ _ _  

7.3814 
.OM 

168 

7.3254 
.002 

154 

7.4740 
.003 

133 

7.1838 
.002 

173 

7.3105 
.002 

24 
- 

- 
PI 

8.0444 
.011 

21 1 

8.4581 . 028 
180 

7.7383 . 00s 
168 

7.2500 
.002 

8 

7.3814 
.002 

182 

-- 

._____ 
- _ - _ _  
_.__ 

7.2867 
.002 

167 

7.6664 .an 
146 

8.4688 .om 
185 

7.7298 . 006 
a6 
- 

- 
QI 

7.6331 .an 
?a 

7.6111 
.003 

m3 

6.7064 
.001 

182 

7.8464 
.m 

7.3284 
.002 

208 

7.2867 
.002 

193 

-- 

mi 

_ _ _ _ _ _  
- - _ _ _  - - -_  

7.9484 
.m 

15Q 

7.4212 
.003 

188 

8.1482 
.141 

230 
- 

- 
2Q - 

7. ma .an 
241 

7.6331 
.oo( 

224 

7.6111 
.003 

203 

7.8167 
.m 
222 

7.47u1 
.003 

221 

7. 6664 
.004 

214 

7.8464 .m mi 
._____ -_ - - -  
-.__ 

r. rn .m 
218 

1.3128 
* 021 

261 
- 

- 
81 

8.0032 . 010 
208 

8.4688 
.OB 

185 

7.8661 
.007 
I64 

6.7728 
.001 

3 

7.1838 
,002 

187 

8.4698 
.028 

175 

7.4212 
.003 

162 

7. m 
.004 

141 

-- 

- _ _ _ _ _  _ - _ _ _  - _ _ _  
?. 8607 
.006 

31 - 

- 
PI - 

6. nu 
a66 

.001 

7.6794 
.oo( 

334 

7. Qa!% 
.010 

313 

8.1304 
.014 

331 

7.3106 
.002 

336 

7.7288 
.005 
324 

8.1482 
.141 

130 

8.3129 
.021 

108 

7.8607 
.006 

328 

_ _ _ _ - -  __-- -  __- -  - 



COnstltUent 
(A)  

EJ _ _ _ _ _  ~ _ _ _ _ _ _ _  

L:.. _ _ _ _  _ _ _ _ _ _ _  

M: _ _ _ _  ....-.-. 
NJ. .______ _ _ _  

2N _ _ _ _ _ _ _ _ _ _ _ _ _  

R: _ _ _ _  _ _ _  _ _ _ _ _ _  

81 ___.________ 

TJ .____________ 

A:. _ _ _ _ _ _ _ _ _ _ _ _  

pi  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

___._.________ 

2SM _ _ _ _ _ _ _ _ _ _ _  

Dhturblng constituents (B, C, etc.) 

E: h MJ NJ 2N RJ 8~ T: k p: Y: 2 S M  -----__------ 
_ _ _ _  ~ 7.88~8 6 . 7 0 ~  7.6111 7.0331 a4689 8.4681 8.46638.0444 6.7724 7.67% 7.6440 _ _ _ _  -008 .001 .mi ,001 .MB .MB .028 .011 .001 -001 .004 

7 . w  _ _ _ _ _  7.9464 7.8187 7 . m a  8.0217 8.1384 8.2383 8. 148a 7.2857 7 . m  7.7286 

6 . 7 ~  7.9484 _ _ _ _ _  7.9484 7.9187 6 , n n  7 . m  7.4643 8.1384 7.2600 8.1% 7.2453 

_ _ _  341 182 203 224 186 180 186 211 366 334 18 

.(M _ _ _ _  ,008 .008 .MI7 .011 .014 .017 .141 .W'd .002 ,006 
19 _ _ _  201 222 243 24 28 34 230 183 352 36 

.001 . WQ _ _ _ _  .OW .(M .001 .002 .003 .014 .002 .014 .002 
178 16'2 _ _ _  201 222 3 8 13 28 862 331 16 

_ _ _ _ _  7.9484 7.4212 7.2857 7.1008 7.7200 8.1384 8.1482 6.7017 

167 138 169 _ _ _  201 162 167 172 8 331 130 174 
_ _ _ _ _  7.6886 7.6664 ?.E417 7.2R67 8.1482 8.9128 7.28(0 

136 117 1% 169 _ _ _  141 146 161 167 130 108 164 
_ _ _ _ _  8.4698 8.4666 8 . W  7.0878 7.8808 7.4642 

7.6111 7.8161 7.8464 
.mi .008 . 008 _ _  _ _  .008 .003 .002 .001 . 002 .014 a141 .@I1 

7.6331 7.8062 7.8167 7.9484 
,a ,007 .008 . oog _ _ _  .oo( .a .003 .W2 .141 .021 .002 

.m .oil .mi .003 ,004 _ _ _ _  .m9 .om .olo .001 .006 .mi 
176 336 3.57 188 219 _ _ _  186 190 m 350 am ia 

8.4688 8.0217 6.7712 7.4212 7.6886 

. .8.411 8.1364 7.2500 7.2867 7.6664 8.4688 ___._ 8.4688 7.9464 7.7.468 7.7288 7 . m  

170 8a1 352 183 214 176 _ _ _  186 201 346 324 8 
.os ,014 ,002 .m .a .OB _ _ _ _  .028 .CQQ .002 ,005 .002 

8.4653 8.2383 7.4sta 7.1008 7. w17 8.4666 8.4688 _ _ _ _ _  7 . ~ 8  7.3738 7.7883 6 . w  

186 am a47 188 208 170 176 _ _ _  188 340 318 3 
.028 .017 .oOa .001 ,003 .028 ,028 _ _ _ _  .007 .002 .006 .001 

-8.6144 8.1482 8.1384 7 . W  7.2867 8 . W  7.9464 7.8848 _ _ _ _ _  7.7288 8.0786 7.2867 

148 130 331 362 103 164 169 184 _ _ _  324 303 167 
- - - - -  7.8464 7.2383 

6 167 8 28 730 10 16 20 36 _ _ _  169 23 

.011 .141 .014 .002 ,002 . O l O  .009 .001 _ _  _ _  .006 .012 .002 

6.77% 7.2867 7.2600 8.1% 9.1482 7.0678 7.2468 7.3738 7.7288 
.001 ,002 .002 .014 .l41 .001 . 002 .002 .MM _ _ _ _  .008 . 002 

7.6784 7.2600 8. iaa 8. 1482 8. aim 7.8808 7.7288 7.7883 8.0796 7.9464 _ _ _ _ _  7.6723 
.004 .002 .OM .MI  .mi .m ,006 .OM .o12 . OOQ _ _ _ _  .a 
,001 .w5 .oo2 .ooi .002 .mi ,002 .mi .mz .ma .004 ---- 
a(~ au 346 .is6 #w 347 862 367 183 937 316 --- 

28 8 28 230 261 31 36 41 67 201 _ _ _  44 
----- 7.6440 7.72wi 7.2468 6.7017 7.WO 7.4642 7.26O0 6.77la 7.2867 7.2383 7.6728 
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Table 29.-Elimination factore-Continued 
SERIES 369 DAYS. DIURNAL CONSTITUENTS 

J I  

-..... 
_ _ _ _ a  
.... 

8.3503 
,022 

70 

7.8740 
,007 
141 

7.8780 
.m 

73 

8.3371 
,022 
248 

8.2882 .m 
74 

7.5508 
.ow 
143 

7.4182 
.003 

34 

8.3235 
,021 

72 

5.7098 
.OM) 

0 

KI 

8.3503 
. on 
2((0 

__ - 

.... 

8.3503 
,022 

70 

a. 0332 .ooo 
2 

0.0332 .ooo 

8.0072 
.010 

4 

7.8760 
.008 

73 

7.5500 .w 
143 

8.0074 
.010 

2 

7.8892 
.m 
110 

358 

_I 

.MI 

7.8740 
,007 
219 

8.3503 
. on 

280 

- 

_.._ 

8.3371 
.on 
112 

7.8760 .m 
287 

8.4104 
,028 
203 

0. 0332 .ooo 
2 

7.8700 .om 
73 

8.3792 
.024 

291 

7.9046 
.m 

39 

DiPturhing constituents (B, C, otc ) 

0 1  
- 
7. 87ra 
.m 
287 

0.6332 .ooo 
358 

8.3371 . on 
24R 

_.____ 
.__._ 
__._ 

0.03'29 .ooo 
350 

8.5537 .ooo 
182 

8.3503 . on 
70 

7.8740 
.007 
141 

5.7100 
.ooo 

0 
8.4109 
.020 
108 
- 

__ - 
00 

8.3371 
. on 
112 

0. 6332 .ow 
2 

7.8780 .m 
73 

0.03'29 .ooo 
4 

__ 

._.._ 
.... 

7.0438 
.001 

0 

7.0584 
.005 

75 

7.3523 
.002 
145 

0.8924 
.001 

4 
7.0527 .ow 

112 

1'1 

8.2882 
.om 

m0 

8.0072 
.OlO 
350 

8.4104 
.028 

07 

8.5537 .ooo 
1 78 

7.0438 
,001 
354 

-- 

.__.. 
-..~ 

7.8886 
,008 

09 

7. w24 .w 
130 

8.0074 
.010 
358 

7.9217 
.008 
108 

Q I  

7.6508 .w 
217 

7.8780 
.008 
287 

8.0332 .ooo 
358 

8.3603 
. on m 
7.0584 
,005 

7.8885 
.m 
281 

-- 

285 

_.__ 

8.3503 
.022 

70 

7.8824 .w 
289 

0.0328 
.lo8 
217 

24 -__ 
7.4182 
,003 
328 

7.5508 .m 
217 

7.8780 
.m 
287 

7.8740 
.007 
21u 

7.3523 
,002 
215 

7. M24 
.ow 
221 

8.3503 

290 
. 022 

..... 
.... 

7.5772 
.ow 
219 

8.0580 
.011 
327 

SI 

8.3235 
,021 
288 

8.0074 
.010 
358 

8.3792 
,024 

6U 

6.7100 .ooo 
0 

0.8824 
.001 
350 

8.0074 
,010 

2 

7.8824 
.008 

71 

7.6772 .w 
141 

...._ 
-... 

7.8055 
.008 
108 

PI  -- 
5.7088 .ooo 

0 

7.8892 .m 
250 

7.8045 
.m 
321 

8.4189 .om 
252 

7.0527 
.004 
248 

7.9217 
,008 
254 

9.0328 
. lo8 
143 

8.0586 
.011 

33 

7.8055 
.m 
262 

_ _ _ - - -  _ _ _ - -  ___ - -  
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Constituent 
sought (A) 

KI _ _ _ _ _ _ _ _ _ _ _ _ _  

Ly _ _ _ _  ~ _ _ _ _ _ _ _  ~ 

M, _ _ _ _ _ _ _ _ _  _ _ _  

N, _ _ _ _ _ _ _ _ _ _  

2N _ _ _ _ _ _ _ _ _ _ _ _ _  
Ri _ _ _ _  _ _  _ _ _ _ _ _ _  

69 _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TI ... _ _ _ _ _ _ _ _ _ _  

A,. _ _ _ _ _ _ _ _ _ _ _  _ _  

p j  _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

w __._________ ~ 

28M _ _ _ _ _ _ _ _ _ _ _  

SERIES 369 DAYS. SEMIDIURNAL CONSTITUENTS 

Dlsturblnp constituents (B ,  C. etc.) - 
Ky Li MY Ny ' 2 N  I Ha SI Tr X I  ~ r i  y1 2SM 

_ _  ..._ 8.3371 0.6332 7.8760 7.5500 18.0074 8.0072 8.0076 8.2Q82 6.7088 7.8802 7.1088 

... 248 358 287 217 358 356 354 286 0 250 175 

8.3371 .. . . . . 8.3503 7.8740 7.6166 8.3758 8.4160 8.4W7 9.0329 7.8885 6.5537 7.9217 
.022 -. -. . .022 .007 .004 ,024 .026 .020 .lo8 .008 . OOO .008 
112 ..- 200 210 320 110 108 106 217 201 182 100 

6.6332 8.3503 ...... 8.3503 7.8740 5.7100 0.5537 6.9040 8.4160 6.5537 8.4108 6.5540 
.IN0 .022 . _ _  .- .022 ,007 .ooO .OOO ,001 ,020 .OOO .O% .OOO 

2 70 .__ 200 210 0 178 177 108 182 252 177 

.--7.8760 7.8740 8.3503 _ _ _ _ _ _  8.3503 7.8824 7.8885 7.8044 6.5537 8.4160 0.0328 7.8658 
.008 .007 .022 _ _ _ _ _  .022 ,008 .008 . w8 .000 ,026 .10R .005 

73 141 70 _ _ _  200 71 69 67 178 252 143 87 

7.5500 7.6166 7.8740 8.3503 .-.. .. 7.5772 7.6024 7.6269 7.8885 U.0320 8.0586 7.4452 
.004 .004 .007 ,022 ___. . .004 ,004 .ow .008 ,108 .011 . .w3 
143 31 141 70 _ _ _  141 130 138 GO 143 33 138 

8.0074 8.3758 5.7100 7.8824 7.5772 _ _  ___. 8. 0074 8.0072 8.3235 6.1771 7.8055 G.WO 
.010 ,024 , OOO ,008 ,004 . __ .  . .010 .OlO ,021 . OOO .008 .001 

2 250 0 280 210 _ _ _  358 356 288 181 252 177 

8.0072 8.4160 6.E537 7.8885 7.W24 8.0074 ....-. 8.0074 8.3503 6.6540 7.0217 0.5537 
,010 .026 .ooO .008 ,004 .010 . .___ .OlO .0Z? .ooO . OOB . OOO 

4 252 182 201 221 2 --. 358 280 183 254 178 

8.0076 8.4M7 6.9040 7.8044 7. 62G8 8.0072 8.0074 _ _ _ _ _ _  8.3782 6.7Go1 7.0377 5.7100 
.010 .020 .IN1 .008 .004 ,010 .010 _ _ _  _ _  .024 .IN1 .000 .ooO 

6 254 183 203 222 4 2 ... 281 185 256 0 

8. '2082 0.0328 8.4104 6.5537 7.8885 8.3235 8.3.503 8.3702 _ _  __._ 7.0217 7.8044 7.8885 
,020 ,108 .026 . OOO ,008 .021 .OB .024 . __. . ,008 .008 . 008 

74 143 252 182 201 72 70 GO _ _ _  254 324 60 

5.7000 7.8885 0.5537 8.4160 0.0320 6. 1771 6.5549 0.7001 7.0217 ... _.. 8.3503 6.5542 . OOO . ,000 . 026 .lo8 .ooO . OOO .001 ,008 . . . . . ,022 . ooO 
0 GO 178 I08 217 170 177 175 106 _ _ _  70 175 

7.8602 6.5.537 8.4160 0.0320 8.0586 7.9056 7.9217 7.0377 7.0044 8.3503 .- .... ?.OW0 

-__-__-I --__---- 

_ _ _ _ _  .022 . ooo .008 .004 ,010 ,010 .010 .om . ooo .008 .001 

.008 .OOO .om ,108 ,011 .wKI .008 .ow .COB .022 .._-- ,005 
110 178 I 108 217 327 108 io4 30 'mo _ _ _  io5 

5.7100 7 . W 5  0.5542 7.8000 _ _ _ _ _ _  
0 281 185 255 _ _ _ _  

I I___- - 

7.1M 7.0217 jG.5540 7.6658 7.4452 0.9040 
.001 I.008 OOO ,005 .m .on8 .ooo ,005 _-__ -  
185 , 254 I ' 183 I 283 '%2 I '%3 I 
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Table 3O.-Product8 of amplitude8 and angular functions for Form 248 
- - 

0 

- 
0 

1 
2 
3 

4 
5 
0 

7 
8 
9 

10 
11 
12 

13 
14 
15 

10 
17 
I8 

19 

21 

22 
23 
24 

a5 
28 
27 

29 
30 

31 
32 
33 

34 
35 
38 

37 
38 
38 
40 
41 
42 

43 
44 
45 

m 

28 

-. 

- 

1 - 
S1n 

0. W 
.017 
.035 
.052 

.070 

.087 

.lo5 

.I22 

.139 

.150 

.174 

.191 
,208 

.m 

.242 

.259 

.270 

.a2 
,309 

.328 

.342 

.358 

,375 
.391 
.407 

.423 

.43a 

.454 

. 438 
,485 
.m 
.515 
,530 . 645 

.%I9 

.574 
,688 
.602 
.010 
.028 

,043 
.658 
.%e9 

. a1 

.09C 
0.701 

cos 

- 

-- 

- 
1 

- 
cos 

l.W 

1.W 
0. BBB 
.BBB 
. 898 
.888 
.BQg 

.893 

.IN0 

.988 

. w5 . 882 

.878 

.974 

.970 

.BBB 

. BB1 

.850 

.951 

. 940 

.940 
,934 

.927 

,914 

.BOB 

.8QQ 

.a91 

.883 

.875 

.860 

.857 

.a48 

.e39 

.a29 

.818 

.808 

.7QQ 

.788 

.777 

.768 
,755 
.743 

.731 

.719 
0.707 

- 

.gm 

- 
6ln 
- 

- 
81n 

0. W 
.035 
,070 
.lo6 

,140 
,174 

,244 . 278 
.313 

.347 
,382 
,410 

,450 
,484 
.518 

.551 
,585 
.818 

,051 .w 
.717 

.749 

.781 
,813 

.845 
,877 

.939 

.970 
1.O00 

1.030 
1 . 0  
1.089 

1.118 
1.147 
1.170 

1.204 
1.231 
1.258 

1.288 
1.312 
1.3% 

1.304 
1.380 
1.414 

- 

.m8 

. 808 

-- 
Cos 

2 - 
cos 

2. OOO 
2. ooo 
1.889 
1.897 

1.882 
1.889 

1.985 
1.881 
1.875 

1.970 
1.863 
1.858 

1.949 
1.941 
1.932 

1.923 
1.913 
1.802 

1.881 
1.879 
1.807 

1.854 
1.841 
1.827 

1.813 
1.798 
1.782 

1.780 
1.749 
1.732 

1.714 

1.077 

1.058 
1.838 
1.618 

1.697 
1.570 
1. 554 

1.632 
1.509 
1.488 

1.483 
1.439 
1.414 

Sin 

- 

1 . m ~  

1. 0m 

- 

2 

- 
Sin 

0. W 
.052 
.lo5 
.I57 

.281 
,314 

.388 

.418 

.469 

.621 

.572 

.024 

.075 

.728 

.770 

,827 .an 

.977 
1.028 
1.076 

1.124 
1.172 
1.220 

1.288 
1.315 
1.302 

1.408 
1.464 
1.m 

1.645 
1.680 
1.634 

1.078 
1.721 
1.763 

I .  805 
1.847 
1.888 

1.928 
1.908 
2.00; 

2. W0 
2.084 
2.121 

C O S  

- 

. mg 

. en 

- 

3 - 
cos 

3. OOO 
3. W 
2. ggs 
2.m 

2. BQ3 
2.889 
2.881 

2.978 
2.971 
2. gas 

2.954 
2.945 
2.934 

2.923 
2.911 
2.898 

2.884 
2.889 
2.853 

2.837 
2.819 
2.801 

2.782 
2.702 
2.741 

2.719 
2.8M 
2.073 

2.048 
2.024 
2.698 

2.572 
2.644 

2.487 
2.457 
2.427 

2.388 
2.304 
2.331 

2.298 
2.204 
2.228 

2.1w 
2 .1s  
2.121 

Sin 

- 

2.518 

-- 

3 

4 
-- 
S1n 

0. 

~ 

,070 
.140 .m 

* 349 
~ 418 

.487 

.657 . 020 

.096 

.7@ 
* 832 

.ooo .Sa 
1.035 

1.103 
1.108 
1.230 

1.302 
1.368 
1.439 

1.503 
1. 0zI 

1.880 
1.753 
1.810 

1.878 
1.938 
2. ow 
2. ON 
2 . m  
2.176 

2.231 
2.294 
2.351 

2.40; 
2.4U 
2.51; 

2.571 
2.024 
2.07; 

2.73 
2.77( 
2.8U 

cos 

. n9 

I. 498 

- 

- 
4 

-- 
cos 

4. W 
3. BBB 
3.988 

3.880 
8.885 
3.978 

3.870 

3.851 

8. 939 
3,927 
3.813 

3.897 
3.881 
9.884 

3.842 
3.826 
3.804 

3.781 
3.758 
3.734 

3.7@ 
3.882 
3.054 

3.02 
3.59: 
3.584 

3.6363: 
3.49E 
3.4& 

3.4a 
3.39: 
3.35: 

3.3U 
3.27; 
3. 23( 

3.19: 
3. 15: 
3 . m  

3.06’ 
3.01( 
2.07: 

2.92! 
2.07: 

- 

a. QQE 

a. 881 

2. 82 - 
Sin 
- 

_c 

81n 

0. W 
.OS7 
.174 
,202 

* 349 
.436 
.623 

.MI9 
I 0BO 

.a88 

.954 
1.040 

1.125 

1.294 

1.378 
1.402 
1.545 

1.828 
1.710 
1.792 

1.873 
1.954 
2.034 

2.113 
2.192 
2. no 
2.347 
2.424 
2. m 
2.576 
2. Bso 
2.723 

2.790 
2.008 
2.939 

3.008 
3.078 
3.147 

3.214 
3.280 
3.340 

3.410 
3.473 
3.636 

Cos 

- 

,782 

1. aio 

-- 

- 

6 
-- 
cos 

a. ooo 
4.888 
4. QQ7 
4.693 

4. 888 
4,881 
4.973 

4.883 
4.951 
4.938 

4.924 
4. Q08 
4.891 

4.852 
4.830 

4.806 
4.782 
4.755 

4.728 
4.098 
4.808 

4.630 
4.802 
4. Ea 

4.632 
4.494 
4.455 

4.415 
4.373 
4.330 

4.288 
4.240 
4. I93 

4.145 
4.090 
4.045 

3.883 
3.944 
3.888 

3.830 
3.774 
3.710 

3.857 
3.697 
3.538 

81n 

- 

4.873 

- 
5 

- - 
0 

- 
Bo 
89 
88 
87 

86 
ab 
84 

83 
82 
81 

80 
79 
78 

71 
76 
75 

74 
73 
72 

71 
70 
09 

88 
87 
60 

05 
04 
03 

02 
01 
60 

69 
5a 
57 

€a 
55 
64 

a3 
52 
61 

a0 
49 
48 

47 

45 
48 

--.- 

/ 
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0 

-- 
0 
1 
2 
8 
4 
6 
6 

7 
8 
9 

LO 
11 
i a  

la  
14 
15 

10 
17 
18 

19 
20 
21 

2a 
23 
2.1 

25 
28 n 
28 
28 
39 

81 
32 
93 

34 
31 
36 

37 
38 
39 

40 
41 
42 

43 
44 
46 

Table 30.--Producte of amplitudes and angular functions for 
Form 245-Continued 

- 
e 

Sill 

0. ooo 
,103 
,208 
.811 

.419 .sa 

.027 

.731 

.835 

.939 

1.042 
1.146 
1.247 

1.350 
1.452 
1.153 

1.854 
1.754 
1.864 

1.963 
2.052 
2.1w 

2.248 
2.344 
2.440 

2.536 
2.030 
2.724 

2.817 
2.808 
3. ooo 

3.180 
3.268 

3.356 
3.441 
3.627 

3.611 
3.694 
3.770 

3.857 
3.030 
4.016 

4.082 
4. lGLl 
4.243 

a. 080 

cos 

cos 

0.000 

5.909 
6. QQO 
6.992 

6.885 
6.977 
6.887 

6.9% 
5.942 
6.928 

6. QG4 

6.869 

5.840 
5 .8Z 
6.  788 

6.708 
5. 738 
6.706 

6.073 
5.038 
6.601 

6. Mi3 
6.623 
5.481 

6.438 
5. SQ3 
6.340 

5.288 
6.248 
6.186 

6.143 
5. 088 
5.032 

4.974 
4.916 
4. w 
4.792 
4. 728 
4.603 

4. 686 
4.628 
4.469 

4.388 
4.310 
4.243 

6. R r n  

Sin 

6 

Sin 

0. ooo 
. 1 n  
.244 
.368 

.488 

.610 

.732 

.853 

.974 
1.085 

1.216 
1.336 
1.455 

1.575 
1.693 
1.812 

1.928 
2.047 
2.163 

2.279 
2.304 
2. SI9 

2.622 
2.735 
2.847 

2.958 
3.069 
3.178 

3.288 
3.394 
3. 600 

3.605 
3.708 
3.812 

3.914 
4.015 
4.115 

4.213 
4.310 
4.405 

4.500 
4.502 
4. I 4  

4.774 
4.803 
4. 9r,o 

cos 

7 -- 
cos -- 

7. ooo 
G.0QQ 
6 . m  
6. Bw) 

0.883 
6.973 
6. 082 

6. 948 
6.032 
6.914 

6. 8Q4 
6.871 
0.847 

6.821 
0.702 
6.702 

0. 7’29 
6. G84 
0.657 

0.618 
6.578 
6. 535 

6.490 
6.444 
6.305 

6. 344 
6.282 
6. 237 

0.181 
0. 122 
0.062 

6. OOo 
6.930 
5.871 

6.803 
6.734 
5.003 

6. 690 
6.616 
8.440 

6.362 
5.283 
6.202 

5.119 
6.035 
4.050 

61n 

7 

8 

Sin 

0. ooo 
.140 
.270 
,419 

.558 

. 607 

.836 

.975 
1.113 
1.251 

1.389 
1.626 
1.683 

1.800 
1.935 
2.071 

2.205 
2.339 
2.472 

2.605 
2 736 
2.807 

2. W? 
3.120 
3.251 

3.381 
3. 507 
3.632 

3.750 
3.878 
cooo 

4.238 
4.357 

4.474 
4.589 
4.702 

4.815 
4.925 
6.036 

5.142 
5.248 
5.353 

6.455 
5.557 
5.057 

4.120 

cos -- 
8. ooo 
7 . m  
i. W5 
7.989 

7.880 
7.970 
7.950 

7.040 
7.822 
7. go2 

7.878 
7.853 
7. 825 

7.795 
7.762 
7.727 

7. aeo 
7.650 
7. Go8 

7.504 
7.518 
7.469 

7.417 
7.304 
7.308 

7.250 
7. 190 
7.128 

7. Do1 
6.087 
6.928 

0.857 
6.784 
6. 700 

0.632 
6.653 
6.472 

8.380 
0.304 
0.217 

6. 128 
6.038 
5.945 

5.851 
5.765 
5.657 

cos 1 Sin 

8 

9 

Sln 
.- 

0. ooo 
.157 
.314 
.471 

.028 

.184 

.Q41 

1.W7 
1.253 
1.408 

1.503 
1.717 
1.871 

2.026 
2.177 
2.328 

2.481 
2.031 
2.781 

2.930 
3.078 
3.225 

3.371 
3.517 
3. Go1 

3.804 
3.915 
4.080 

4.225 
4.303 
4.500 

4.635 
4.769 
4.902 

5.033 
6.102 
5.280 

6.410 
5.541 
5.684 

5 . 7 a  
5.005 
6. on 
6. 138 
6. 252 
0.364 -_ 

cos 

cos 

9. ooo 
8. Q99 
8.9Q5 
8.888 

8.878 
8.900 
8.951 

8.933 
8.912 
8.889 

8.W 
8.835 
8.803 

8.769 
8.733 
8.603 

8.051 
8.007 
8. 500 

8.610 

8.402 

8.345 
8.284 
8.222 

8.157 
8.080 
8.019 

7.947 
7.872 
7.794 

7.715 
7.032 
7.548 

7.461 
7.372 
7.281 

7. 188 
7.092 
0.994 

0.804 
0.782 
0.088 

0. 5R2 
6.474 
0. 364 

8. 457 

Sin 

9 

- - 
0 

- 
m 
89 
86 
8; 

80 
85 
84 

83 
82 
81 

80 
79 
78 

77 
76 
75 

74 
73 
72 

71 
70 
69 

08 
67 
68 

65 
64 
63 

02 
61 
60 

69 
58 
57 

56 
55 
64 

53 
62 
51 

50 
40 
48 

47 
40 
45 - 

- 
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d .  h .  
21 20' 
22 3' 

10' 
17. 

Table 3l.-For construction of primary stencils 
I 

d .  h. 
28 20' 
29 3' 

10' 
17' 

Difference 1 
d .  h. 
49 19' 
50 2. 

9' 
10' 
23' 

51 0' 

Constituent 2Q 

d .  A. d .  h. 
50 10. 83 10 
57 2. 84 2 

0' 9 
10' 16 
23' 23 

58 0' 65 6 

r 

-1 
-2 
-3 
-4 
-5 

d .  h.  
1 0  

4 
11 
18 

2 1 
8 

-0 
-7 
-8 
-0 

-10 
-11 

I 

15 
22 

3 5 
12 
10 

4 2 

Difforence I 

13' 
20' 

52 3. 
10' 
17' 

53 0' 

7' 
14. 
21' 

54 4. 
11. 
18' 

II 

+a 
+22 
+21 

+lo 

+I8 
4-17 
+lo 
+15 

+13 

+12 
+11 
+10 

+O 
+E 
+7 

$0 
+5 
$4 
+3 
+2 
1-1 

+m 

+14 

-. ._ 

13' 13 
20' 20 

50 3. 66 3 
10. 10 
17' 17 

(10 0. 07 0 

7. 7 
14. 14 
21. 21 

01 4. 68 4 
11. 11 
18' 18 

-12 
-13 
-14 
-16 
-10 
-17 

-18 
-19 
-20 
-21 
-22 
-23 

d .  h.  
7 21 
8 4  

11 
18 

9 1  
8 

15 n 
10 5 

12 
10 

11 2 

9 
10 
23 

12 0 
13 m 

13 3 
10 
17 

14 0 
7 
14 
- - 

9 
10 
23 

5 0 
13 m 

0 3 
10 
17 

7 0 
7 
14 

d .  h. 
14 21 
15 4 

11 
18 

10 1 
8 

15 
21 

17 4 
11 
18 

18 1 

8 
15 
P 

19 5 
12 
10 

0 
10 
23 

21 0 
13 

2 0 2  

~ - 

r 

-1 
-2 
-3 
-4 
-5 

-8 
-7 
-8 
-0 
-10 
-11 

-12 
-13 
-14 
-15 
-10 
-17 

-18 
-19 
-20 
-21 
-22 
-23 

d .  h .  
70 19 
71 2 

0 
10 
23 

72 0 

13 
20 

73 3 
10 
17 

74 0 

7 
14 
21 

75 4 
11 
IS 

70 1 
8 
15 n 

77 6 
12 

.. __ 

14' 

d .  h.  
112 17' 
113 0' 

7' 

14: 21 
114 4' 

11' 

8 
15 
22 

33 5 
12' 12 

19 

d .  A .  d .  h .  
110 17. 120 17 
1BI 0. 127 0 

7' 7 
14. 14 
21. 21 

121 4' 128 4 

d .  h. 
35 20 
36 3 

10 
17 

37 0 
7 

14 
21 

38 4 
11 
18 

39 I 

8 
1s 
22 

40 5 
12 
10 

41 2 
0 

10 
23 

42 0 
13 
- - 

11' 
18. 

115 1. 
8. 
16' 
22' 

Constituent 2Q 

11' 11 

122 1 128 1 
n* 8 
15. 15 
22' 22 

18: 18 

d .  h .  
77 10 
78 2 

U 
10 
23 

70 5' 

5:' 20. 13* 
82 3. 80 3' 

10' 10' 
17. 17' 

83 0' 90 0' 
74 7. 
14' 14' 

11' 11' 

21. 21: 
84 4. 91 4 

d .  h .  ' d .  h. I d .  h.  
84 18:; 01 18' 99 I8 
85 1 1 92 1. 99 1 

8'1 8.1 8 

13 13 
20 20 

00 3 103 3 
10 10 
17 17 

97 0 104 0 
7 7 
14 14 
21 21 

98 4 105 4 
11 11 

23. 
118 0. 

13' 

119 2: 
10' 

d .  h.  
105 18 
109 1 

8 
15 
22 

107 5 

12 
19 

108 2 
9 

lfl 
23 

108 0 
13 

110 3 
10 
10' 

23' 
111 6' 

13' 

10 

m 

112 ? 
____ 

23' 23 
125 0' 132 0 

13' 13 
20' 20 

120 3 133 3 
10 10 

d .  h. 
42 20 
43 3 

10 
17 

44 0 
7 

14 
21 

45 4 
11 
18 

40 1 

8 
15 n 

47 6 
12 
10 

48 1 
8 
15 n 

40 5 
12 
- - 

8 

a 

- 
d .  h. 

133 17 
134 0 

7 
14 
21 

136 4 

11 
18 

138 1 
8 
16 
22 

137 6 
12 
10 

138 2 
, 9  

10 

23 
130 6 

13 
20 

140 3 
10 

- -- 
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TABLE 31.-For construction of primary stencils-Continued 

d.  A. 
140 17 
141 0 

7 
14 
20' 

142 3' 

Differonco 

d .  A. d. A. 
147 10' 164 10' 

23. 23' 
148 0' 155 0' 

13. 13' 
20. 20' 

140 3. 1.54 3' 

1r 

-1 
-2 
-3 
-4 
-6 

-0 
-7 

-0 - 10 
-11 

- 12 
-13 - 14 - 15 
-16 
-17 

- 18 - 19 
-20 
-21 
-22 
-23 

--H 

- - 

d. A. 1 d .  A. 
175 15' 182 15. 

22. 
170 5' 183 5. 

177 2' 184 2. 
::I 10' 12' 10 

DifIercnce 

d .  A .  
180 15 n 
180 5 

10 12 
101 2 

I 

+a 
+22 
+21 

+lo 

4-18 + 17 
4-10 
+15 
3-14 
+13 

+12 
+I1 
+lo 

+O 
+8 
+7 

+G 
+6 
+4 
+3 
+2 
+1 

+m 

10. 
17. 

143 0. 
7' 
14' 
21. 

144 4: 
11 
18. 

145 1. 
8' 
15' 

22' 
140 6' 

12. 
10' 

r 

-1 
-2 
-3 
-4 
-5 

-0 
-7 
-8 
-9 - 10 
-11 

- 12 
-13 - 14 - 15 - 10 
-17 

- 18 
-10 
-20 
-21 
-22 
-23 

10' lo' 
17' 17' 

150 0. 157 0' 
7. 7' 
14' 14 
21. 21 

151 4: 158 4 
11 I 1  

152 1 150 1 
8. 8 
15' 15 

22' n 
1.63 5' 100 5 

12. 12 
10. 10 

18: 18 

170 3' 180 3' 

17' 17' 
180 0. 187 0' 

lo.j IO' 

1::l 14' 79 

103 3 
10 
17 

104 0 

14 7 

- 
d .  A. 

161 10 
23 

162 0 
13 
20 

163 3 

10 
17 

l(i4 0 
7 
14 
21 

lG5 4 
11 
18 

106 1 
8 
15 

22 
107 6 

12 
10 

168 2 
0 
- -- 

21' 
181 4' 

11' 

182 1 
8' 

18: 

21' 21 
188 4' 105 4 

11. 11 
18 18 

180 1 180 1 
8 8 

10 

235 2 
0 
15 
22' 

230 6' 
12' 

10' 
237 2' 

0' 
lo' 
23' 

2 3 8 o '  
- 

&. k.1 d .  A. 245 13. 

230 3' 240 3. 
20' 20. 

240 0' 247 0' 

Constituent 2 4  

d .  A 
262 13 

253 3 
20 

254 0 

__. 

d .  A. 
168 10 

23 
100 0 

13 

170 3 

10 
17 

171 0 
7 
14 
21 

172 4 
11 
18 

173 0 
7 
14 

21 
174 4 

11 
18 

178 1 
8 

20 

- - 

214 2. 2'21 2 
U' 0 
10' 10 
23. 21 

215 0. 222 0 
13' 13 

20. m 
210 3' 223 3 

10' 10 
17. 17 

217 0' 224 0 

7.1 
7 

228 2 
0 
1G 
23 

220 ll 
13 

20 
230 3 

10 
17 

231 0 
7 

0' 0 
16. 10 

23' 23' 23 
178 0' 185 6' 102 G 

13. 13 

242 1' 
n* 
15. 
22. 

243 5' 
12' 

10' 

240 1' 266 1 
8. 8 
15. 15 
22. 22 

250 5' 267 5 
12' 12 

10' 10 
244 2'1 251 2 

0'. 0 
16. 16 

Constituent 2Q 

2.58 2 
0 
10 

7.1 7.1 7 

I I -- - 

I_ 

d .  A. 
250 13 

2Go 3 
10 
I7 

2u1 0 

7 
14 
21 

262 4 
11 
18 

2 G 3 1  
8 
16 
22 

2 w 6  
12 

10 
265 2 

0 
10 
23 

2 6 0 8  

20 

d .  1. 
1% 15 

22 
107 6 

12 
10 

108 2 

0 
10 
23 

188 0 
13 

2 0 0 3  
10 
17 

7 
14 

21 
202 4 

11 
18 

8 

m 

mi o 

m 3  1 

- - 

d .  A. 
203 15 

22 
204 4' 

11. 
18. 

8' 
15' 
22. m 5' 
12. 
10' 

207 2. 
08 
1G' 
23. 

208 0. 
13. 

200 3. 
10' 
17' 

210 0' 
7' 

205 1. 

20- 

- - 
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Table 31.-For construction of primary stencils-Continued 

d . h .  
294 12 

19 
295 2 

9 
16 
23 

Dlflorencr 

Hour 
n 

d . h .  d . h .  d . h .  
301 11. 308 11. 315 11 

18. 18' 18 
302 1. 309 1. 316 1 

8' 8' 8 
15. 15. 15 
22. 22' n 

-1 
-2 
-3 
-4 
-5 
-6 

-8 
--B 
-10 
-11 

-12 - 13 
-14 
-15 
-18 
-17 

- 18 
- 19 
-20 
-21 
-22 
-23 

-, 

- 

324 5 
12 
19 

325 2 
9 
16 

23 
326 0 

13 
20 

327 3 
10 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 - 10 

-11 

-12 
-13 - 14 
-15 
-16 
-17 

-18 - 19 
-20 
-21 
-22 
-23 

331 4' 338 4' 345 4 
11. 11' 11 

332 1 339 1' 346 1 
8. 8. 8 
15* 15' 15 

n. 22' 22 
333 5' 340 5' 347 5 

12' 12' 12 
19. 19' 19 

334 2' 341 2. 318 2 
9. 9 

18: 18. 18 

9. 

- 
d .  h. 

280 12 
19 

281 2 
9 
16 
23 

282 6 
13 
20 

2 8 3 3  
10 
17 

284 0 
7 
14 
21 

2 8 5 4  
11 

18 
286 1 

8 
15 
n 

287 6 
- - 

10 
17 

23' 
298 6. 

13. 
20. 

299 3' 
10. 

- 
d .  h. 
287 12 

19 
2 8 8 2  

9 
10 
23 

13 
20 

2 9 0 3  
10 
17 

291 0 
7 
14 
21 

282 4 
11 

18 
293 1 

8 
15 n 

294 5 

a9 a 

- - 

9. 9 
16' 1;' 16 

23' 23' 23 
305 6' 312 0' 319 0 

13. 13' 13 
20' 20. 20 

306 3' 313 3' 320 3 
10' 10' 10 

17 
328 o 

7 
14 
21 

329 4 

16' 16. 16 
23' 23' 23 

335 0. 342 6' 349 6 
13. 13' 13 
20. 20' 20 

338 3' 343 3' 350 3 

17' 

7' 
14' 
21. 

301 4. 

300 00 

17' 17 17 

78 7 7 
14. 14 14 
21' 21 21 

308 4. 315 4 322 4 

307 00 314 o 321 n 

d . h .  
1 0 

15 
2 0  

19 

50 

9. 

Constituent ZQ I Constltumt Q 

3 . h .  d . h .  d . h .  d . 8 .  d . h . 1 d . h .  
10 h 19 13. 28 22. 38 7. 47 16, 57 1 

1 1 9  I8 30 2' 11. 20 I 68 5 

15 59 0 12 3' 12' 21. 40 6 

14 n 2 9 8  16. 48 1 10' 
23. 20 8. 17 39 2 11 19' 

18. 21 3 12 21 49 5' 14. 

- 
d .  h .  
3 m  10 

17 
351 0 

7 
I4 
21 

352 4 
11 
18 

353 1 
8 
15 

n 
354 5 

12 
19 

355 2 
9 

16 
23 

356 6 

20 
357 3 

ia 

3 4. 
13. 
23 

4 8' 
17. 

12. n 
6 7  

16. 
7 2  

11. 

5 3  

-- 
d .  h. 
357 10 

17 
3 s  0 

7 
14 
21 

359 4 
11 
18 

380 1 
8 
14' 

21' 
361 4' 

11' 

362 I 
8' 

15* 
22' 

363 5' 
12' 
19' 

364 2' 

18: 

13 22 31 0' 15' MI 0' 9 
22. 22 7. 16 41 1 9. 18. 

13 8 16. 32 1* 10' 19 80 4 
17 23 2 11 19. 51 4. 13 

14 2. 11' 10 42 5 I4 n* 

21. 24 6 15 23' 52 8' 17' 
15 6. 15. 34 0' 43 9 1s 62 2. 

10 25 1 9. 18. E3 3. 12 
16 1. 10 19 44 4 12- 21. 

11 19' 35 4. 13 22 83 7 
20 26 5 13' 2'2. 54 7' 16 

12 m* 33 5. 14. 23 01 8 

-_ I I 

16' 
55 2 

11. 
21 

56 A 
15. 

d .  h. 
364 9' 

10. 
23. 

365 0' 
13. 

388 3' 
10. 
17' 

367 0' 
7' 
14' 

21. 
388 4. 

11' 
18' 

369 1' 
8. 

15' 
22. 

370 5' 

20. 

M 1' 
I 1  

20' 
05 6. 

16 
00 0. 

m* 

i n  

8 6  

9 1  
15' 

19. 

17 5' 
15 

18 0 
9. 
19 

19 4' 

14. 
23' 

2 7 9  
18' 

2 8 4  
13 

23 
36 8. 

18 
37 3 

12. 
n 

45 8 
17' 

40 2. 
12 
21' 

47 7 
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TABLE 31.-For construction of primary stencile-Continued 

271 

d . h .  d . h .  d . h .  d . h .  d , h .  d . h .  ee 8' 7s 18' I ~ S  3. BI 12, im 21 113 e 
18 76 4 12' 21 104 6' 16 

67 4. 13. 22 96 7 16' 114 0. 
14 22' 88 7' 16' 106 1 10 
23 n s  17 $3 1. 10. 18. 

88 8' 17' 87 2 11 20 115 4' 

18 78 3 11' 20' 108 6 14 
69 3. 12 21 07 0 14' 23' 

12' 21. 88 0' 15 107 0 110 (I* 
22 79 7 16' ffl 0' 8' I8 

70 7' 16 80 1 IO 18' 117 3' 
17 80 1. 10' 10 108 4 13 

71 2* 11 20 w 4. la* 22 
I1 20. 00 5 I 4  23 118 7. 
21 81 6' 14' 23' 1OQ 8 1T 

72 6' 16 91 0 100 8' 17' 118 2. 
16' 82 0. 8 18 110 a 11' 

73 I IO 18' 101 3' 12 21 

10' 10 02 4 13 21' 120 0' 
18' 83 4. 13' 22 111 7 I6 

74 6 I4 22. 102 7' 16. 121 1 
17 112 1' 10' 

d . h .  d . h .  d . h .  d . h .  
i~ 14. iai  23. 141 8 iw 17 
123 0 13!2 9 17' IS1 2' 

9' 18 142 8 12 
18' 133 3' 12. 21 

124 4 13 21. 162 Go 
13. 22. 143 7 10 

!Zi 134 7' 16. 163 1. 
1% 8 17 144 2 10' 

17. 135 2' 11 20 
128 3 11' 20. 164 5' 

12' 21 145 6 14' 
21' iae e* 15. IU o 

in 7 le 118 00 e* 
16' 137 1 IO 19 

128 2 10. 18. IM 4 
11 P 147 6 13' 
20' 138 6. 14 23 

128 e 14. 23. 167 8. 

IS 138 0 148 8 17' 
130 0' 8' 18 158 3 

IO 18 140 3' 12' 
10'1 I40 4 13 21 

75 84 ?I g3 1;. 
0 18 04 3 

103 2' 11 13' 22' 168 7 
11' 20' I22 6' 

- 

+23 
+P 
+21 
+20 
+I8 

+I8 
+I7 
+in 
+I5 
+I4 
+I3 

+I2 
+I1  +lo 
+e 
+8 
+7 

+e 
$5 
+4 
-4-3 
+2 
3 1  

-1 
-2 
-3 
-4 
-6 

-6 
-7 

-9 
-10 
-11 

-12 
-13 
-14 
-16 
-16 
-17 

-18 
-19 
-20 
-21 
-22 
-23 

-8 

d . h . 1 d . h .  
160 2 169 10. 

20 Yo' 170 5' 
IG1 6 1 16 

15.1 171 0 
0' 

19' li2 4 
le3 5 13' 

23' 173 8' 
104 8 17' 

185 3. 12. 

Iu) 7. 18' 

1 3  18 

14 I 23 

18' 174 3 

13 22 
22' 175 7 

17 176 2 

167 2' 11' 
12 20' 
21 177 0 

168 6' 16' 
10, 178 1 le8 I 10 

d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h . d . h .  
178 18' 188 4. 187 13 DXl 22 216 6' 226 15' 235 0' 244 9 
118 6 13' 22' 207 7' 10 226 1 8. 18. 

14 23 188 8 16' 217 I* IO' 18 246 4 
23. 188 8. 17 208 2 11 18. 230 4' 13. 

180 8 18 188 2' 11' 20 m 5 14 22' 
18. 190 3 12 21 218 5' 14' 23 240 8 

16 228 0 237 8' 17' 
13 22 200 0. 15' 218 0' 8 18 247 2' 

181 3' 12' 21' m 6 

22' 181 7 16 210 1 8' 18' 238 3' 12 
182 8 16. 201 1' 10 10 220 4 12. 21. 

17 192 2 11 19 220 4. 13 22 248 7 
183 2. I t*  20 211 6 14 22' 238 7' IO 

12 20. 202 6' 14' 23 230 8 17 240 1' 
21. 183 e 15 23' 221 8' 17' 240 2 11 

184 n* 160 203 00 212 8 1R 231 2' 11. 20' 
16 184 1 9. 18. 222 3 12 21 2.50 6' 

185 1. 10 18 213 4 12. 21. 241 c 15 
10' 18' 204 4' 13 22 232 7 16' 251 0' 

20 185 6 13' 22' 223 7' 10 212 1 IO 
188 6' 14' P 214 8 10' n 3  I' 10' 18 

16 23. m5 8. 17. 224 2 11 18' 252 4' 
187 0 106 8 I8 216 2' ;lei 20' 243 6 14 

8' 18' m 3 12 234 6' 14' !Bo 
18 187 3' 12' 21' 225 e 16 244 0 233 8' 

--___ 

+I8 
+I7 
4 1 0  
4-16 
+I4 
+I3 

-e  
-7 
-8 
-8 

-10 
-11 

4-11 
+10 +Q 
+8 
+7 

+e 
+5 
+4 
$3 
+2 
+I 

-13 
-14 
-15 
-1G 
-17 

-18 
-18 
-20 
-21 
-22 
-23 
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TABLE 31.-For construction of primary stencils-continued 

-- 
d . h . d . h .  d , h .  d . h .  

253 18 283 3 272 11' 281 20. 
254 3. 12 21 282 8 

12' 21. 273 6. 16 
22 204 7 15. aa 00 

255 7' 16: 274 1 10 
17 265 1 10' 19' 

256 2 11 20 254 4' 
11' 20' 276 6 14 
21 !&I 5' 14' 23' 

257 6' 15 270 0 285 R' 
15. 267 0. 9' 18 

258 1 10 18' 286 3' 

10' 19 277 4 13 m m 4. 13. 22 

14' 23. 278 8 17 
259 5 14 23 287 7' 

200 0 259 8' 17. 288 2' 
9 18 279 3 11' 

18' no 3' 12 21 

13' 22 280 7 16 
22. 271 7. 16: 290 1 

17. n 2  2 11 20 

281 4 13 21' 289 6. 

202 8 17 281 1 10' 

-- 
Difference - 

d . h .  d . h .  d . h .  d . h .  d . h . 1 d . h .  
291 6 300 14 308 23 319 7' 328 10.' 338 1' 

14' 23' 310 8 17 329 2 IO' 
292 0 301 Q 17' 320 2. I 1  ?o 

9' 18 311 3 12 20. 339 5. 
18' 302 3. 12' 21 330 6 16 

283 4 13 21' 321 6' 15' 340 0 

13' 22 312 7 16 331 0' 9. 
23 303 7' 16' 322 1 10 19 

294 8 17 313 2 10. 19. 341 4 
17' 304 2' 11 20 332 5 13' 

295 3 11. 20. 323 5. 14 23 
12' 21 314 6 14' 23' 342 8. 

21. 305 6. 16' 324 0 333 9 17. 
296 7 10 315 0' 9' 18' 343 3 

10' 300 1 10 19 334 3' 12' 
297 1. 10' 19. 325 4 13 22 

11 20 319 4' 13' 22' 344 7 
20. 307 5. 14 23 335 7' 16' 

298 6 14. 23' 328 8. 17 345 2, 
16 308 0 317 9 17. 336 2' 11 

299 0. 9 1R 327 3 12 20. 
10 19' 318 3. 12' 21 346 6 
19' 308 4 . 13 21' 337 0. 15. 

300 4. 13' 22' 328 7 10 347 0' 

Constituent Q Difference Constituent p 

0 
+23 

+20 
+l9 

4-18 
+I7 
4-16 
+I5 
4-14 
+13 

+12 

+9 
+R 
+7 

+6 
+6 

+3 
+2 
+1 

2;; 

:;; 

+4 

Constituent Q 

-1 
- 2  
-3 
-4 
-6 

-6 
-7 
-8 
-9 
-10 
-11 

-12 

-15 
-16 
-17 

-18 
-19 

-21 
-22 
-23 

1;: 

-m 

0 
+a +n 
+21 
+20 
+1Q 

+18 
4-17 
+16 
4-15 
4-14 
4-13 

+12 
4-11 
+lo 
4-9 
+8 
+'I 

+e 
4-5 

+3 
+2 

+4 

-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 

-10 
-11 

-12 
-13 
-14 
-16 
-10 
-17 

-18 
-19 

-21 
-22 

-20 
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Table 31 .--For construction of primary stencils-continued 

0 
+23 
+22 
+21 
+m 
+19 

+l8 
4-17 
+lo 
+16 
+14 
+13 

+I2 
+11 
+lo 
4-9 
+8 
4-7 

+0 
4-6 

+2 
+1 

E 

Dlflorence 

-1 
-2 
-3 

- 5  

-6 
-7 
-8 
-9 
-10 
-11 

-12 
-13 
-14 
-16 
-10 
-17 

-18 
-19 

-a -a 

-4 

1: 

H 

+23 
+E 
t-21 

+19 

+I8 
4-17 
+I6 
4-16 
4-14 
4-13 

+I2 
+11 
+10 
+9 
+8 
+7 

+0 
+6 
+4 

+m 

I! 
- 

r 

- 1  

- 2  
- 4  
-1  

-1 

-! 
- 8  

--I -< 
-l( 
-1: 

- l! - 1: 
-1s 
-1, - 11 
-1 

-1: - 1' 
-a 
-2 
-2 
-2 
- 

Constituent P 

Constituent p 
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d .  h .  
85 21 
80 11. 
87 1. 

16 
88 6 

20 

89 10. 
00 0' 

16 

19 
81 5 

02 9' 

U. S. GOST AND GEODETIC SZTRVEY 

Table 31 .-For construction of primary stencils-continued 

d .  h.  d .  !I* 
100 2 114 6' 

10 M' 
101 0 116 11 

20' 110 1 
102 10. 16 
103 1 117 6. 

15 18' 
104 5 118 10 

10. 110 0 

loo 0 120 4. 
14 18' 

105 00 14 

DlRerenm 

d .  h. 
43 7: 

21 
44 12 
45 2 

16 
40 8. 

F 
$23 
+22 
+21 
+20 
+lo 

+18 
+I7 
4 1 6  
4-15 
4-14 
+I3 

+I2 
+I1 
+IO 
+9 
+8 
+7 

+6 
+5 
+4 
+3 
+2 
+I 
- - 

d .  h .  
67 12 
58 2 

16. 
69 6. 

21 
60 11 

r 
-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 
- 10 
-11 

-12 
- 13 
-14 
-15 
-16 
-17 

-18 
-19 
-20 
-21 
-22 
-23 
- - 

d .  h.  
30322* 
364 8 

18 
365 4 

13' 
23. 

DlEerence 

d .  h .  d .  h .  
1 0 1422' 

8 15 12' 
22 16 2. 

2 12 17 
3 2' 17 7 
16' 21 

Ihlr 
n 

3cB 9 4 7 18 11. 
19 21 10 1. 

367 5 5 11 16 

360 6 8 10 14', 

370 ?: l:ii l: 
..._.__ 10 4 24 9' 
-...._. 10 23. 

_ _ _ _ _ _ _  11 9 25 13' 
....... 23. 20 4 
_..____ 12 13' 18 
_._____ 13 3. 27 8. 
___..__ I8 22' _ _ _ _ _ _ _  14 8 28 12. 

+23- - 1  

-4 
+I9 E i  2 -5 

20' 
17 11 
~8 1 

16 
49 5. 

19' 

60 9' 
51 0 

I4 
52 4. 

18. 
53 8' 

61 1 
15. 

02 6' 
20 

e3 10 
84 0 

14. 
65 4. 

18' 
06 9 

23 
07 13. 

- 
Constituent P 

'Bo 
93 13' 
04 4 

95 18 8' 
22' 

D l  Constituont 0 

107 4 121 8' 
18. 23 

108 8' 122 13 

110 3 124 7' 
100 22' 13 123 17. 3' +9 

+8 
4-7 

+e 
+5 
$4 
+3 
+2 
+I 

d .  h.  
2 8 3  

17 
30 7 

21' 
31 11' 
32 2 

10 

34 10' 
35 1 

15 

36 5 

37 9' 
23' 

38 14 
39 4 

18. 
40 8. 

22' 
41 13 
42 3 

17. 
-- 

-15 
-10 
-17 

-18 
-19 
-m 
-21 
-22 
-23 

80 12' 
97 3 

17 
21 

98 7: 

99 11' 

17' 
111 7' 125 12 

21' 120 2' 
112 12 16' 
]la 2 127 6. 

16 21 

d .  A. 
71 16' 
72 7 

21 
73 I1 
74 1' 

15' 

76 6 m 
76 10 
77 0 .  

14. 
78 6 

19 
79 9 

81 3' 
18 

82 8 
22. 

83 12' 
84 2. 

17 
85 7 

80 23' 13.1 

-- 



HARMONIC ANILYSIS AND PREDICTION OF TIDES 

Table 31.-For construction of primary stencils-continued 

275 

DlITerence I Constituent 0 
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ir 

-1 
-2  
-3 
-4 
-5 

-e  
-8 
-9 

-10 
-11 

-7 

-12 
-ia 

-ie 

-18 
-20 

-la 

-14 
-16 

-17 

~ 1 8  

-21 

-23 

U. S. C O N  AND GEODETIC SURVEY 

d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d , h .  d . h .  d . h .  

30 10. 16. 22' 73 4' 87 10' 17 23 130 6 144 11 17 
31 0. 45 6. 69 13 ie a 1 102 7, lie 13 19' 146 1' 169 7' 

16 21 eo a 74 e 16 21 117 3' 131 9' 15. 21' 
32 6 46 11 17 23. 89 6. 103 11' 17. 132 0 146 6 180 12 

19. 47 I* e1 7. 76 13. 20 104 2 118 8 14 20 161 2. 

34 0 48 6 62 12 18 91 0. 106 6. 119 12' 18' 148 0' 162 7 
14 20 63 2' 77 8' 14. 20' 120 2' 134 9 16 21 

36 4' 49 10' 16' 22' 92 6 108 11 17 23 149 6 163 11. 
18. w 00 64 7 78 i a  19 107 1 121 7 136 13. 19. 164 1' 

ze e 43 12 67 18 72 o 88 e 100 12. 114 18. 1x1 00 143 e* 167 12. 
20 44 2 68 8' 14. 20' 101 2' 116 8' 16 21 ira a 

a3 e 16. n 713 4 80 io I6 n iaa 4. 147 10. le* 

36 9 18 21 79 3 93 9. 16. 21. 136 a* im e* le 
23 61 6 IM 11. 17. 23. 108 6. 122 11. 18 161 o 186 e 

18 63 o e7 e 81 12 is* 110 00 124 e* 138 12. 18. 187 1 

40 12. 19 ee 1 83 7 97 13 19 128 I* 140 7. IM la* 19' 
41 a 61 9 16 21 ea a* 112 e 16. 21. 166 a* lee io 

42 r M) la* 19. a 1. ee 8 118 14 . 20 142 2 iw 8 14. 

37 la* 19. 66 1. 80 7. CM 14 20 123 2 137 8 14 20' 
38 3' 62 9' 16 22 96 4 109 10 ie 22' 162 4' 166 10. 

a9 8 14 20' 82 2. Bo 8. 14. 20' 139 a I63 9 16 

22. M 4. ea 10. le* 2) 111 6 10 11 17 23 168 6' 

17 23' 70 6' 84 11. 17. 23 127 6 141 12 18 170 0 

21' 67 4 71 10 ie 22 114 4 128 10' 16' 22. 171 4. 

Table 31.-For construction of pr imary  stencils-continued 

Dlffcrenco 1 Constituont 2N 

H 

+23 +n 
+Zl  
+20 
+I9 

4-16 
+I7 
+16 
+16 
4-11 
+I3 

+I2 
+11 
+10 
+9 
+8 
+7 

+6 
+e 

)I 
+1 
- - 
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Table 31.-For construction of primary stencils-Continued 

d . h .  
114 8 

22 
316 12' 
$16 2. 

17 
317 7 

21. 
318 11' 
319 2 

16 
320 6. 

20' 

321 11 
322 1 

16. 
a23 6. 

20 
324 10 

326 0' 
14' 

326 6 
19 

327 9' 
239, 

Dlflerenco 

d.  h. d. h. 
16 11' 30 6 4"d '0'1 69 19 ' 74 13 
16 2' 21 16 80 9' 76 4 

d . h .  d . h .  d . h .  I 
17. 31 11. 46 6 61 0' 18' 

328 14 342 20 367 2 
328 4 343 10' 16. 

18. 344 0' 358 
330 8. 16 16 76 9. 

23 345 6 359 17 47 11. 62 6 77 0. 
331 13 19' 380 1' 19 18 13. 33 8 48 2' 20. 16 

332 3. 346 9. 16' 4 10 19 4. 22' 17 63 11. 78 6 
17' 347 0 361 6 6 0' 19 34 13. 49 8 64 2 20. 

333 8 14 20 16' 20 10 36 4 22' 17 79 11. 
22 348 4. 362 10' 6 6. 21 0' 19 M) 13. 85 7' 80 2. 

334 12' 18' 363 0' 21 16. 36 10 61 4 22. 17 
336 2. 348 9 16 7 12 22 6 37 0' 18 64 13. 81 7. 

17 23 364 6 8 2' 21 15' 62 9' 67 4 22' 
336 7 3M) 13. 10' 17' 23 11. 38 6 63 0. 19 82 13 

21. 361 3. 366 9' 9 8 24 2. 21 15 68 9' 83 4 
337 11. 18 388 o 23 17 39 11. 64 6 69 0' 18' 
338 2 362 8 14 10 13. 26 8 40 2. 20. 16 84 9 

16' 22. 367 4' X l  4' 22. 17 66 11' 70 6 85 0 

339 6' 363 12' 18' 19 26 13. 41 8 W 2 20' 16 
21 354 3 368 8 12 10 27 4' 22' 17 71 11. 88 6. 

340 11 17 23 13 0. 19 42 13. 67 8 72 2 20' 
341 1. 355 70 3n9 13. is* 28 io 43 4 22. 17 87 11. 

16' 21. 370 3' 14 6 ZQ 0' 19 E8 13' 73 7' 88 2 
342 6 358 12 ._._____. 21 16' 44 9' 69 4 22' 17 

0 
+23 
+22 

4-18 

4-18 
4-17 

$;: 

$;; 

4-11 
$13 

+I2 

+9 
+8 
+7 

6 
6 

+3 
+2 
+1 

i 4 

Hour 
0 

+23 -1 

-4 
+19 -6 

-1 
-2 

-6 

-6 
-7 
-8 
-9 
-10 
-11 

-12 

-16 
-16 
-17 

-18 
-19 
-20 
-21 
-22 
-23 

1: 

:;: 

d . h . 1 d . h .  d . h .  d . h . 1  d . h .  d . h .  
89 7' 104 2 118 20' 133 14. 148 9 163 3' 

16. 119 11 134 6. 149 0 18 
00 13 105 7. 120 2 20 14. 164 9 
81 "'j 22 16' 135 11 160 6' P' 

18. IC+ 13 121 7' 136 1. 20 166 14. 
82 9' 107 4 22 16. 161 11 166 6 

93 0 I 18' I22 13 137 7' 162 1' 20 
16 108 8' 123 3. 22 16' 167 11 

84 6. lo(( 0 18. 138 13 163 7 168 1. 
20' 16 124 9 139 3' 22 16. 

96 11 110 6' 126 0 18. 164 12' 169 7 
80 2 20' 14. 140 9 165 3' 22 

17 111 11 126 5. 141 0 18 170 12. 

22' 16' 127 11 142 6. 167 0 18 
88 13 113 7' 128 2 20 14' 172 9 
w 4  22 16. 143 11 168 6. 23. 

18' 114 13 129 7' 144 1' 20 173 14. 

87 7' 112 2 20. 14. iw 9 171 3. 

100 9' 116 3' 22 16' 169 11 174 6 
101 0 18' 130 13 146 7 180 1' 20 

16 116 9 131 3' 22 16. 175 10. 
102 6. 117 0 18. 146 12' 161 7 176 1. 

20' 16 132 9' 147 3. 22 16 
103 11 118 6' 133 0 18. 162 12' 177 7 

d . h .  d . h .  d. h. 
177 22 192 16 207 10' 222 5 
178 12. 193 7 2: 19' 
179 3' 21. 16 223 10' 

18 1W 12' 208 7 224 1 
180 9 196 3 21. 16 

23' 18 210 12. 225 6. 

181 14. 180 8' 211 3 21. 
182 6 23' 18 226 12 

20 197 14' 212 8' 227 3 
183 10. 188 6 23. 18 
I84 1. 20 213 14 2'23 8. 

16 188 10' 214 6 23. 

185 7 200 1. 18. 229 14 

186 12' 201 7 216 1 18. 
I87 3 21' 16 231 10. 

18 202 12. 217 7 232 1 
21. 16 188 9 203 3 

23. 18 218 12. 233 0. 
189 14' 204 8' 219 3 21' 

23' 18 234 12 100 6 
20 205 14 220 8' 236 3 

191 10. 200 6 23. 17. 
192 1. 19' 221 14 236 8' 

21. 16 21s 10. 230 5 

+I8 
+17 
+16 
+l6 
+14 
4-13 

-6 
-7 
-8 
-9 

-10 
-11 

+12 
+11 7; 
4-8 
+7 

+e 
+6 
+4 
$3 
+2 
+1 

-12 
-13 

1;; 
-16 
-17 

-18 
-19 
-20 
-21 
-22 
-23 
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Table 31.-For construction of primary stenciZs--ContInued 

d . h .  
I 0 

10' 
2 5. 
3 1 
20 

4 15. 

6 10' 

a 
6 5. 
7 1 

8 15' 
9 10. 

10 6 
11 1 

20. 
12 15. 
13 11 
14 6 

16 1 
20' 

I6 15' 
17 11 
I8 6 
19 1. 

Difference 

IIolour 

d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  
18 20' 39 2 58 7' 77 13 96 18' 116 0 136 1.1 1M 11 173 16' 
20 16 21' 69 2' 78 8 97 13. I9 1% 0' 15.5 6 174 11. 
21 I 1  40 16. 22 79 3. 96 9 117 14* 20 lbB 1. 176 6. 
22 8: 41 11. Bo 17 22. BB 4 118 9. 137 I5 20. 176 2 
23 1 42 7 I 1  12. 80 I8 23. 119 6 188 10' 167 16. 21 

20' 43 2 62 7. 81 13 1M) 18' 120 0 139 5' 168 11 177 18. 

24 16 21' 03 3 82 8. 101 14 io* 140 n* ISQ n 178 11. 

n I 46 7 05 12. R( 18 a* 123 5 142 in* 161 16 21. 

28 16 21' 67 3 118 8' 105 I4 19. 144 1 183 0. 182 12 

25 11 44 16. 22 83 3. 102 9 I21 14. 20 180 1.' 179 7 
26 6: 45 12 64 17. 23 103 4 12'2 0' 141 15 20' 180 2 

21 47 2' 66 8 L(5 13 104 18. I24 0 148 6. 162 I1 181 I6 

29 11. 48 17 22 87 3. 108 9 I25 14. 20 164 1. 183 7 
30 6' 18 12 88 17' 23 107 4' 1213 10 145 15. 21 181 2 
31 2 50 7 69 12. 88 I8 23. I27 S 146 10. ICVI 16 21. 

21 61 2. 70 8 89 13' 108 18 128 0' 147 6 166 11 185 16. 
32 16 21. 71 3 90 8' lo(, 14 19' 148 1 167 6. 188 12 
33 11. 52 17 22' 91 4 110 8. 129 15 20 168 1. 187 7 
34 8. 63 12 72 17 23 111 4. I30 IO 148 16' 21 198 2' 
35 2 54 7. 73 I3 92 18. 23' 131 6 lbo IO' 169 16 21. 

21 65 2. 74 8 93 13' 112 19 132 0. 151 8. 170 11' 169 17 
38 16' 22 75 3' 94 8' 113 I4 19. 152 1 171 6. 180 12 
37 11. 66 17 22' 95 4 114 9. 133 15 20' 172 2 191 7' 
a8 7 67 12. 76 17. 23 115 4. 134 IO 163 15. 21 191 2. - 

+I8 
+I7 2 
4-16 -E 
4-15 --E 
+I4 -IC 
$13 -11 

+I2 -12 
+I1 -13 
+IO -14 

9 -15 T 8 -16 
+7 -17 

g 1;; 
+4 -a 
+3 -21 
4-2 -22 
$1 -23 

+23 
+22 
fZ1 +#, 
+I9 

+I8 
+.17 
+I6 
+I5 
S I 4  
+I3 

+I2 
+I1 
+IO 
4-9 
+8 
$-7 

-I 
-2 
-3 
-4 
-5 

-G 
-7 
-8 
-9 

-10 
-11 

-12 
-13 
-14 
-15 
-16 
-17 

Constituent II 

Constituent N 



Difference 

d .  h. 
1 0 

11 
2 7 
3 3 
23' 

4 19. 

Ifour 

+19 

d .  h.  d .  h. 
20 18' 40 23 
21 15 41 19 
22 11 42 15 
23 7 43 11. 
2.4 3' 44 7' 
23' 46 3' 

+I8 -( 
4-17 -5 
+l6 --I 
+I6 4 
+14 - I t  
+I3 -11 

+12 -12 
4-11 -13 
+lo -14 
+Q -1t 
+8 -16 
+7 -17 

6 16' 
6 12 
7 8 
8 4 
Q 0' 
20' 

+e -18 
+5 -1Q 
+4 -m 
+3 -21 
+2 -22 
+I -22 

Diff€UUlW 

26 19' 48 0 
26 16 20 
27 12 47 16 
28 8 48 12' 
28 4. 49 8' 
30 0' M) 4' 

Hour 

E0 E 
87 4 
88 0' 

10' 
89 16' 
80 13 
91 9 
92 6 
83 1' 

21. 
94 17' 
96 14 

106 12 128 18 20 187 0 187 4 
107 8 121 12 147 16. 20' 188 0' 
108 4' 128 8' I49 12' 188 16' 20. 
108 0' 129 4' 14Q 8' 169 12' 169 16' 

20' 130 0' 1M) 6 170 Q 180 13 
110 17 21 161 1 171 6 191 9 

111 13 131 I f  21 172 1 192 6 
I12 9 132 13 162 17' 21' 193 1. 
113 6' 133 9' 163 13' 173 17. 21' 
114 1' 134 6: 164 9' 174 13. 194 17' 

21' 136 1 166 6 176 10 196 14 
116 18 22 166 2 176 6 196 IO 

+I8 
+17 
4-16 
4-16 
4-14 
+I3 
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Table 31.-For construction of primary stencils-Continued 

-8 
-7 
-8 
-9 
-10 
-11 

Constituent N 

10 IO' 
11 13 
12 0 
13 6 
14 1. 

21. 

Constituent I 

21 
31 17 
32 13 
38 9. 
34 6' 
36 1. 

61 1 
21 

62 17 
63 13. 
M Q* 
66 6' 

w 2  
22 

67 18 
68 14' 
69 10' 

d .  h. 
61 3 

23 
62 19 
63 16. 
64 11. 
66 7' 

+I2 
+11 +:: 
+8 
+7 

-12 
-13 
-14 -16 
-16 
-17 

6 6 4  
87 0 

20 
08 16' 
69 12. 
70 8' 

16 17' 
16 14 
17 10 
18 6 
19 2' 

22' 

22 
36 18 
37 14 
38 10' 
39 6' 
40 2. 

96 10 
87 6 
98 2. 

99 18' 
100 16 

w 

116 14 136 19 22 177 2 197 6' 
117 10 137 I4 157 18. 22' 108 2. 
118 6' I38 10. 168 14. 178 18. 22. 
118 2. 139 e* ise 10. 179 14. IQQ 19 

120 19 23 161 8 181 7 201 11 
22' 140 3 180 7 180 11 200 16 

71 6 
72 I 

21 
73 17. 
74 13' 
76 B' 
76 6 
77 2 

22 
78 18' 
79 14' 
80 10' 
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Table 31.--For construction of pr imary  stencils-Continued 

d .  h .  d .  h.  
130 20 I 162 13 
131 17' 153 10' 
132 IS' 154 8. 
133 13 155 0 
134 11 158 4 
135 8' 167 i' 

130 0' 23' 
137 4 158 21 
138 1' 159 18' 

23' 100 10. 
130 21 101 14 
140 10 102 12 

141 10. 103 0. 
142 14 104 7 
143 12 I05 6 
144 0' 106 2' 
145 7. 107 0' 
140 5 22 

Dlfferonco 

170 10' 201 0. 
180 14 202 7 
181 11. 203 4' 
182 0. 2w 2' 
183 7 205 0 
184 5 22 

Hour 

d .  A .  
174 8 
175 4 
170 1. 

23 
177 21 
178 18. 

0 
+23 +n 
+21 
+20 
+lo 
+18 
4-17 
+In 
+15 
4-14 
+13 

+I2 
4-11 
+lo 

+O 
+8 
+7 

+a 
+5 
+4 
+3 
+2 
+1 

d .  h .  
105 23 
180 21 
107 18. 
198 10 
188 14 
200 11. 

-1 
-2 
-3 
-4 
-5 

-0 
-7 
-8 
-8 
-10 
-11 

-12 - 13 
- 14 
-15 
- 10 
-17 

-18 - 10 
-20 
-21 
-22 
-23 

+23 +n 
4-21 
+20 
+10 

+18 
4-17 
f10 
4-15 
+I4 
4-13 

+12 
+11 
+lo 
4-0 
+8 
4-7 

+o 
+5 
+4 
+3 
+2 
+I 

Difference 

0 
-1 
-2 
-3 
-4 
-5 

-0 
-7 
-8 
-0 

-10 
-11 

-12 
-13 
-14 
'-15 
-10 
-17 

-18 
-19 
-20 
-21 -n 
-23 

71 3 
72 1 

22' 
73 20' 
74 18 
75 10 

Constituent Y 

- - - 

m 12 m 10 

21. ____. . .-_ 
211 13 231 17 

217 10' 237 14' 257 18. 

Constituont 2 MK 

92 20 114 13 
03 18 115 11 
04 15. 110 8. 
05 13' 117 0' 
90 11 118 4 
07 0 118 2 

-- 
I d .  h. 

1 0  
11' 

2 0' 
3 7  
4 4. 
5 2' 

0 0  n 
7 10' 
8 17. 
0 15 

10 12. 

1 1  10' 
12 8 
13 0 
14 3. 
15 1 

23 

10 20' 
17 18. 
18 10 
10 14 
20 11' 
21 0 

2 3 w  

121 I9 
1-22 10' 
123 14. 
124 12 

125 10 
120 7. 
I27 5 
128 3 
128 0' 

-22' 

120 21 

d .  h.  
2 2 7  
23 49 

25 0 
22 

20 10. 

27 17 
28 15 
29 12. 
30 10' 
31 8 
32 5' 

33 3' 
34 1 

23 
35 20. 
30 1A* 
37 10 

38 13' 
30 11. 
40 0 
41 7 
42 4' 
43 2 

24 29 

80 4' 
81 2 

23' 
82 21' 
83 18 
84 17 
85 14. 
80 12. 

d .  h. 1 
44 0 

21. 
45 19' 
40 17 
47 15 
48 12' 

48 IO 
50 8 
51 5' 
52 3. 
53 1 n* 
54 20' 
55 18 
58 18 
57 13' 
58 11. 
58 0 

go 0. 
01 4. 
02 2 
03 0 

04 10 
21' 

101 21. 
102 10 

103 10' 
104 14. 
105 12 I 
100 10 
107 7' 
108 

180 13 
101 10' 
182 8 
103 0 
184 3' 

00 14' 88 7' 

08 10 
OD 8 

212 6 
213 3. 
214 1 

23 
215 m: 

147 3 
148 0. 

22 
148 20 
150 17. 
151 15' 

188 20 
10D 17' 
170 15 
171 13 
172 10' 
173 8' 



Hour 
0 

42 
+21 

+1Q 
+m 

-1 
-2 
-3 
-4 
-6 

-8 
-7 
-8 

-11 

-10 -Q 

-12 -la 

-14 
-16 
-10 -17 

- 18 - 10 
-21 

-23 

-m 
-2a 

- - 
Dfffewnca 

r 
-1 
- 2  
-3 
-4 
-1 

-e 
-7  
--E 

-11 

-1: 
-11 
-14 
-1f 

- -I 1( 

-l( - 1; 
- 11 - 11 
-2 
-2 
-2 -z 
- 

Constituent MN 
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Table 3L-FOr conetruct ion of pr imarg  8tencffs-Continued 

d .  h .  
280 0' 
291 0 

23' 
232 22. 
233 22 
284 21 

Differonce 

d .  h. d. h.  
303 7' 326 14' 
304 7 327 14 
305 G* 328 13. 
306 5. 329 12' 
307 5 330 12 
308 4 331 11 

ir 

-1 
-2 
-3 
-4 
-6 

-6 
-7 
-8 
-9 - 10 

-11 

-12 - 13 

-14 
-15 - 16 
-17 

-18 -19 

-22 
-23 

-20 -21 

d. h. 
1 0  

15. 
2 21 
4 2' 
5 8  
6 13. 

7 19 
0 0' 

10 6 
11 12 
12 17' 
13 23 

16 4. 
16 10 
17 16' 

20 2' 
21 8 

2'2 13. 
23 19 

20 6 
27 11. 
28 17 

18 21 

z.s n* 

Constituent hl 
I I I I ,  Constituent hIh' - __- 

d .  h.  
28 22' 

32 10 
33 15. 
34 21 
36 2' 

37 8 
38 13' 
39 10 
41 0. 

43 11. 

31 4 

42 6 

d .  h .  1 d .  h .  1 d. h .  d. h. 
59 11'; 80 0 118 13 148 1' 

61 22' 01 11 121 0 150 12' 
63 4 02 17 122 5. 151 18 
64 9. 03 22. 123 11 153 0 
65 15 05 4 124 16' 154 6' 

88 M' 96 0' 125 22 155 11 
8s 2 07 15 127 3. 164 16' 
69 7' 98 20. 128 9 157 22 
70 13 100 2 120 14. 169 3. 

73 0' 102 13 132 2 161 14. 

rfi 17 m s* 119 18. 149 7 

71 19 101 7. im 20 100 9 

d .  h. 
349 21' 
350 21 
351 20 
352 10. 
353 19 
354 18 

285 20. 
386 20 

2% 18' 
289 17. 
280 17 

297 19 

309 3. 332 10. 355 17' 
310 2. 333 9' 350 16. 

312 1' 335 8' 368 16. 
313 0' 336 7' 359 14. 
314 0 337 7 380 14 

311 2 334 9 357 10 

291 16 
202 14. 
293 I5 
2R4 14 
295 13' 
280 12' 

287 12 
288 11. 
289 10' 
300 10 
aoi 9 

23 338 6 361 13 
316 22' 339 6' 307 12. 
310 22 340 6 363 11' 
317 21 341 4 364 11 
318 #)* 342 3. 866 10. 
319 19' 343 2. 3134 9' 

320 19 $44 2 367 9 
321 18 346 1 866 8 
322 17' 346 0. 369 7. 
323 17 347 0 370 7 
324 16 23 _ _ _ _ _  _ _ _ _  

302 8.: 326 16' 

44 17 
45 22. 
47 4 
48 9. 
49 16 
50 2O* 

348 22' . 

74 6, 
76 11 
76 17 
77 22' 
79 4 
80 9' 

103 18' 
106 0 
106 6. 
107 11 
108 16' 
1092a 

133 7' 
I34 13 
136 18. 
137 0 
138 6' 
139 11 

I I 

Constituent M Canstltuent MK - 
I --_ I -' I- - 

162 20 
164 1' 
165 7 
166 12' 
167 18 

*I66 33. 
62 2. 

M 13. 

57 00 

63 8 

66 19 

68 6 '  

81 16 111 a* 140 le* 170 6 

84 2 i ia  1s 143 3. 172 16. 

BB ia 116 2 145 14- 176 3. 

82 20. 112 9. 141 22 171 10. 

86 7. 114 20. 144 Q 173 22 

87 18' 117 7' 146 lo 176 9 

d .  h.  
178 20 
180 1. 
181 7 
182 12' 

177 14. 

18 18 

d .  h. 
286 17. 
288 23 
288 4. 
288 10 
300 16' 
301 21 

d .  h .  

208 8' 
209 14 
210 19' 
212 1 

207 a 

218 7 

244 1 
M6 6' 
246 12 
247 17' 
248 23 
260 4' 

d .  h. 
236 16 
237 21' 
239 8 
240 8. 
241 14 
242 19' 

d .  A .  
266 4. 
287 10 
288 16. 
109 21 
271 2' 
272 8 

d.  h. 
326 6 
326 11. 

330 4 
331 9' 

327 17 
328 22. 

d .  h. 
364 19 
3S6 0' 

360 I7 
380 22' 

as7 e am i i *  

d .  h. 
1 0  
2 0  
3 22 

7 18. 
9 16. 

11 14' 
13 13 
11 I1 
17 9 
19 7. 
11 6' 

a3 3. a 2  
2 7 0  

30 20. 

34 16' 
36 14. 
38 13 
40 11 
42 9 
44 7. 

520 

a 21 

a2 180 

164 23' 
L86 6 
187 10' 
I66 16 

191 3 

9 2  Q 
.Q3 14' 
8420  
Q6 1' 
97 7 

99.18 
00 23. 
112 6 
03 10' 
04 16 
05 21. 

189 a i*  

98 12. 

214 12' 
216 18 
216 23' 
218 6 

220 16 

!22l 21' 
223 3 
2248 '  
!Z!S 14 
228 19. 

229 6. 
230 12 
231 17. 
232 23' 
234 5 
235 10. 

219 10. 

aa 1 

273 14 

277 6' 
278 12 
279 17' 

274 19. 
270 I 

303 2' 

306 19 
308 0' 
308 6 

an4 8 
30s la* 

340 0. 
341 6 

343 17 
344 22' 
346 4 

341 i i *  

369 13 
370 18' 

~ _ _ _ _  __._ 
.__ ._.___ 

_ _ _ _ _ _ _ _ _  
_.._ ..___ 

251 10 
252 16. 

266 3 
256 8. 
257 14 

253 ai  

280 23 810 11' 
382 4' 311 17 

284 16' 314 4' 
285 21 316 IO 
a87 2. 316 16. 

283 io at2 23 
69 7. 
71 b' 
73 4 
76 2 
77 0 
78 21. 

116 11' 
117 9' 
119 7. 
121 6 
123 4 
12s 2 

256 19. 
280 1 
281 6' 

264 23 

282 12. 
XI 17 

288 8 317 21 
389 13. 319 2. 
280 19 320 8 

284 12 524 0' 

282 00 321 13. 
283 n* 322 19 

347 9' 
348 16 

351 2 
362 7. 
363 13. 

349 20. 

.~ _...___ .__...___ _ _  __.____ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _  

80 20' 
82 18' 
84 17 
88 13 
88 13 
W 11' 

127 0. 
138 22. 
130 20' 
132 19 
134 17 
136 16 



DUlerence 

138 13. 
140 11' 
142 8' 
144 8 
146 6 
148 4 
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Table 31.-For construction of primary stencils-continued 

d . h . d . h .  d . h .  d . h .  d . h .  d . h .  
184 17 230 21 277 1 323 6 368 8 
186 16. 232 18' 278 23 325 3 371 7 
188 13' 234 17' 280 21. 327 1 _ _ _ _ _ _ _ _ _  
180 11' 236 15. 282 18' 328 23. _ _ _ _ _ _ _ _ _  
182 10 238 14 284 17. 330 21. _ _ _  _ _ _ _ _ _  
184 8 240 12 288 16 332 18' _ _ _ _ _ _ _ _ _  

Lr 
-1 
-2 
-3 
-4 
-5 

-6 
-7 
-8 
-9 

-10 
-11 

-12 
- 13 - 14 
-15 - 16 
-17 

-18 
-18 

-21 
-22 
-23 

-m 

- - 

150 2' 
152 0' 
163 22' 
155 21 
167 18 
168 17 

161 16. 
163 13. 
166 11. 
167 10 
108 8 
171 6 

173 4' 
176 2' 
177 0' 
178 22. 
180 21 
182 18 

DiUerence 

186 6 242 10 288 14 334 18 _ _ _ _ _ _ _ _  ~ 

188 4. 244 8 280 12 336 16 _ _ _ _ _ _ _ _ _  
200 2' 246 6. 282 10' 338 14 _ _ _ _  __.__ 
202 0. 248 4' 204 8' 340 12' ____.___. 
203 23 250 2. 2Q6 6. 342 10' _ _ _ _ _ _ _ _ _  
205 21 252 1 288 6 344 8' .._______ 

207 18 253 23 300 3 346 7 _ _ _ _ _ _  _ _ _  
208 17' 255 21 302 1 348 6 _ _ _ _ _  _ _ _ _  
211 16' 257 18' 303 23' 360 3 _ _ _  _ _ _ _  _ _  
213 13. 258 17. 306 21. 362 1. _ _ _ _ _ _ _ _ _  
215 12 261 15' 307 18. 353 23' _ _ _ _ _ _ _ _ _  
217 10 263 14 300 18 356 21' _ _ _ _  _ _ _ _ _  
218 8 265 12 311 16 367 20 _ _ _ _ _ _ _ _ _  
221 6' 267 10 313 14 358 18 _ _ _ _ _ _ _ _ _  
223 4. 268 8. 316 12 361 16 _.__ _ _ _ _  
225 2. 271 6' 317 10. 363 14' _ _ _ _ _ _ _ _ _  
227 1 273 4' 310 8' 385 12. _ _ _ _ _ _ _ _ _  
228 23 276 3 321 6' 367 10' _ _ _ _ _ _ _ _ _  

r 

-1 
-2 
-3 
-4 
-6 

-6 
-7 
-8 
-8 

-10 
-11 

-12 
-13 
-16 - 14 

-16 
-17 

-18 - 18 
-20 
-21 
-22 
-23 
- 

13 16 
16 23 
18 6 
20 13 

25 3. 

27 10' 
28 17' 
32 0. 
34 8 
36 16 
38 22 

41 6 
43 12. 
46 18' 
48 2. 
€4 9' 
62 16. 

am* 

Constituent A 

, 
Constituent MK 

I 

88 18' 123 21 178 23' 
71 1. 128 4 181 7 
73 8' 1% 11' 183 14 
75 16 130 18. 185 21 

80 6 135 8. 180 11. 

82 13 137 15' 182 18. 
84 20 138 23 185 1. 
87 3' 112 6 187 8. 
88 10. 144 13 1QQ 15. 
81 17. 146 20 201 23 
84 0' 148 3. 204 6 

Q6 8 161 10' 208 13 
98 16 163 17' 208 20 

100 22 158 0' 211 3 
103 6 168 7' 213 10. 
106 12 100 15 216 17. 
107 18' 162 22 218 0. 

77% 133 1. 188 4 

d .  h. 
220 7. 
222 16 
224 22 
Z2l 6 
228 12 
231 18 

d .  h. d .  A. 
276 10. 330 13 
277 17. 332 20 
280 0' 335 3 
282 7' 337 10 
284 14. 338 17' 
288 22 342 0. 

d . h .  d . h .  
17623' 236 1 
178 10' 238 12 
181 21. 2/40 23 
184 8 243 10. 
180 20 245 21. 
188 7 248 8' 

181 18 250 18' 
184 6 263 6. 
163 16 2.66 17. 
188 3 258 4. 
201 14 260 16' 
2M 1' 283 3 

206 12. 285 14 
208 23' 288 1 
211 10. 270 12 
213 21' 272 23 
216 8. 276 10 
218 19. 277 21 

constituent A I 
d . h . d . h .  
285 2' 364 4 
287 13. 356 15 
300 0' 358 2 
302 11. 361 13 
304 23 364 0. 
307 10 380 11. 

308 21 388 22. 
312 8 371 8' 
314 10 _ _ _ _ _ _ _ _  
317 6 ._______ 
318 17 _ _ _  _ _ _ _ _  
322 4 _ _ _ _ - _ _ _  
324 
327 
328 
332 
934 
336 

Constituent ME 

234 2. 
236 9' 
238 16' 
240 23' 
243 7 
246 14 

288 6 344 79 
281 12 346 14' 
283 18 348 22 
286 2. 361 6 
2Qe 8' a53 12 
300 16' 356 18 

24721 
250 4 
252 11 
264 18. 
Zb7 1' 
258 8' 

30223. 368 2 
305 6' 380 8' 
307 14 362 16. 
308 21 364 23. 
312 4 367 6' 
314 11 368 14 

261 16. 
183 22. 
266 6 
288 13 
210 
273 3 

d .  h. 
1 0  
2 6  
4 17 
7 4' 
8 15' 

12 2' 

14 13' 
17 0' 
18 11' 
21 23 
24 10 
26 21 

2 8 8  
31 18 
34 6 
36 17 
38 4 
41 15' 

44 2' 
46 13' 
48 0' 
51 11' 
53 22' 
56 8' 

316 18. 371 21 
318 1. _ _ _  _ _ _ _  _ _  
321 8. .___ _ _ _ _ _  
323 15' .___..___ 
325 22. ___._..__ 
328 6 .----.- _. 

d. h. 
Ea20 
61 7 
83 18 
6 6 6  
88 I7 
71 4 

73 16 
70 2 
78 13 
81 0 
83 11' 
86 22 

8 8 9  
9020' 
93 7 
96 18' 
986' 

100 16 

103 4 
105 16 
108 2 
110 13 
113 0 
116 11 

at1 e* 
223 18 
226 6 
228 16 
231 3 
233 14 

d .  h. 
117 22 

125 7 
127 18 
130 6 

132 16 
135 3 
137 14 
140 1 
142 13 
146 0 

147 11 
148 22 
162 8 

167 7 
168 18 

162 5 
164 16 
167 3 
168 14 
172 1 
174 12 

120 8 
122 20 

is4 20 

280 8 338 
282 18. 341 
286 6' 344 
287 17. 346 
280 4. 348 
282 16. 361 
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Table 31.-For construction of primary stencils-Continued 

h. 

12 
3. 

19' 
11 

5 a* 

Differenca 

Hour 
n 

d .  h.  

323 3 
325 18' 
328 10' 
331 2 

317 m 
320 11. 

+m -4 
+I9 I -5 

d. h. 
1 0 

8 15' 

30 2 
64 7 
C) 12' 

23 m* 

d. h. 
358 16 
373 21 

.._______ 

.__._____ 

.____.___ 

.__. ~ .___ 
+18 
+17 
+16 
+15 
+I4 
+13 

Difference 

-6 
-7 
-8 
-9 

-10 
-11 

h 

+I 
+2 
+3 
+4 
i-5 

+6 
+7 
+8 +e 

+IO 
i-11 

+I2 
+I3 
+14 
+I5 
+16 
4-17 

+I8 
+I9 

+21 
+22 
+23 

+m 

- 

270 2' 
272 18 
275 10 
278 1. 
280 17 
283 8. 

r 

-23 
-22 - 21 -m -19 

-18 - 17 - 16 
-15 
-14 
-13 

-12 
-11 
-10 
-9 
-8 
-7 

-6 
-5 
-4 
-3 
-2  
-1 
- 

333 17' 
336 9 

' 339 1 
341 16' 
344 8 
346 23' 

Constituent L I Constltuent p I "UO,~F 

+I2 

+9 
i - 8  
+7 

+I3 +a 
+4 
+3 
+2 
+l 

d .  h.  
1 0  
2 8' 
5 0  
7 16 

10 7' 
12 23 

15 14' 
18 6. 

23 13. 
26 5 
28 21 

31 12' 
34 4 
36 19' 
39 11' 
42 3 
44 18. 

47 10 
SO 2 
52 17. 
55 9 
58 0. 
80 16' 

m z  

-12 
1:: 
-15 
-16 
-17 

-18 
-19 

-21 
-22 
-23 

-m 

d. h.  
6 3 8  
65 23' 
88 15 
71 7 
73 22. 
76 14 

79 5. 
81 21. 
84 13 
87 4. 
89 20 
92 12 

95 3. 
97 19 

100 10. 
103 2. 
106 18 
108 9' 

111 1 
113 17 
116 8' 
119 0 
121 15' 
124 7' 

222 9. 
225 1 
227 16' 
230 8 
233 0 
235 15' 

238 7 
240 22' 

246 6 
248 21. 
251 13 

243 14. 

d. h. 
126 23 
129 14. 
132 6 
134 22 
137 13' 
140 5 

142 m* 
145 12' 
148 4 
150 19. 
153 11 
156 2. 

158 18' 
161 10 
164 1. 
164 17 
189 9 
172 0' 

174 io 
177 7. 
179 23' 
182 15 
185 6' 
187 22 

288 0' 349 15' I76 1 _ _ _  _ _ _ _ _ _  351 1. 
288 16 352 7 191 6. _ _ _ _ _ _ _ _ _  381 12 
281 78 354 22. 206 11. .________ _ _ _ _ _ _ _ _ _  
283 23 357 14 221 17 _ _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _ _  
206 15 380 6 236 22 .________ ._______ ~ 

299 6' 362 21. 252 3' .____ _ _ _ _  _ _ _ _ _ _ _ _ _  
301 22 365 13 207 8' .________ _ _ _ _ _ _ _ _ _  
304 13. 388 4' 282 13. ._______. _ _ _ _ _ _ _ _ _  
309 21 .._______ 313 0 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
312 12' .__.____. 328 5' ____.____ _ _ _ _  _ _ _ _ _  
315 4 .______._ 343 10' .._______ _ _ _ _ _ _ _ _ _  
307 59 370 m* 297 19 _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _  

d .  h.  

193 5' 
195 21 
198 12. 

im 14 

mi 4. m m  

d .  h. 
29 22. 
31 4 
32 10 
33 15. 
34 21 

37 8 
38 13' 
30 19 
41 0. 
42 6 
43 11. 

44 17 
45 22. 
47 4 
48 9. 
49 15 
50 20. 
52 2' 
53 8 
54 13' 
55 19 
57 0. 
58 6 

30 2. 

me 11' 
2 0 8 3  
211 19 
214 10' 
217 2 
219 17. 

d. A .  
1 0  

15. 
2 21 
4 2' 
5 8  
0 13. 

7 19 
9 0' 

10 6 
11 12 
12 17. 
13 2( 

15 4. 
16 10 
17 15' 
IS 21 

21 8 

22 139 
23 19 
25 0. 
2 a 6  
27 11' 
28 17 

m 2. 

d. 
254 
256 
259 
282 
204 
287 

d. h. 
118 13 
119 18. 
121 0 
122 5. 
123 11 
124 16. 

d. h. 
148 1. 
149 7 
150 12' 
151 18 
153 0 
154 5' 

d. h. 

16 6 

77 3 
107 13. 
138 0 

188 10' 
198 21 
229 7' 
259 18 
200 4' 

1 o 
4s 18. 

320 16 

d .  h. d. h. 

8 16. 373 21 

39 2 --_. * _ _ - _  

64 7 .._____ _ _  
69 12. .________ 

84 17' _ _ _ _ _ _ _ _ _  
99 23 _ _ _ _  _ _ _ _ _  

115 4 _ _ _ _  __.__ 
130 9. _ _ _ _ _ _ _ _ _  
145 14. _ _ _ _  _ _ _ _ _  

1 o 358 io 
23 m* _ _ _ _ _ _ _ _ _  

180 m _ _ _ _  _ _ _ _ _  

84 
90 

115 
130 
145 
180 

ea m* 

70 13 

88 2 
69 7' 

71 19 
73 0. 

74 6, 
75 11 

77 22. 
79 4 
80 9' 

70 17 

d. h. 
1 0  

16 6 
46 16' 
7 7 3  

107 13' 
138 0 

00 Q* 12s 155 11 184 zz* 

100 2 129 14. 159 3. 188 le 

07 15 127 3' I56 16' 186 5 
98 20' 128 9 157 22 187 10' 

101 7' 130 20 100 9 189 21' 
102 13 132 2 161 14' 191 3 

103 18. 133 7. 162 20 192 0 
105 0 134 13 164 1. 193 14. 

107 11 137 0 166 12. 1Bs 1 
108 16' 138 5. 167 I8 197 7 
109 22 138 11 168 23' 198 12' 

100 13s 18. 165 7 184 

168 IO' 
198 21 
228 7' 
259 18 
m 4. 
320 16 

I I 

R 
Constituent 2SM 

d. h. 
59 11' 
Bo 17 
61 22. 
6.3 4 
64 9' 
65 I5 

d. h. 
89 0 

91 11 
02 17 
93 22' 
95 4 

m 5. 

d. h. 
177 14. 

180 1 
181 7 
182 12' 
183 I8 

178 me 



Dlfferctnoo 

d. h .  
207 3 
208 8. 

210 19' 
212 1 
213 7 

20814 
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Table 31.-For construction of primary stencils-Continued 

. d.  h .  
236 16 
237 21. 

240 8' 
241 14 
242 19' 

nu 3 

R 

+I 
+2 
+3 
+4 
+6 

+6 
+7 
+E 
+Q 
+10 
+I1 

+12 
4-13 
4-14 

. +15 
+18 
4-17 

+18 
+19 

+21 
+22 

+m 

+n 
- - 

d. h .  
61 18 
52 19. 
53 21 
54 22. 
56 0. 
57 2 

r 

-23 
-22 
-21 -m 
-18 

-18 - 17 - 16 
- I5 
- 14 - 13 
-12 
-11 -10 

-9 
-8 
-7 

-6 
-5 
-4 
-3 
- 2  
- I  
- - 

d. h.  
77 8' 
78 10' 
79 12 
80 13' 
81 15 
82 17 

DlRerenm 

214 12' 
215 18 

218 5 

220 16 

216 2-30 

219 10. 

II 

+1 
+2 
+3 
+4 
+5 

+6 
4-7 
+8 
+Q 

+IO 
+I1 

+I2 
+I3 
+I4 
+15 
+16 
4-17 

4-18 
+I9 
+20 
+21 
+22 
+P 
- 

244 1 
246 6' 

247 17. 

250 4. 

2.10 12 

248 n 

r 
-23 - 22 
-21 

- 19 
-18 
-I7 - 10 
-I5 - I4 - I3 
-12 
-I1 
-10 
-9 
-8 
-7 

-6 
-6 
-4 
-3 
- 2  
-1 

-m 

- 

303 2. 
304 8 
305 13' 
308 19 
308 0' 
309 0 

Constituent J 
I I I I 

Constltuont 2SM 
1 

332 15 362 4 
333 21 363 9* 
335 2' 364 IS 
33ll 8 365 20. 
337 13. 3fi7 2 
338 19 388 7. 

68 3. 
59 5 
GO 6 .  
01 8' 
82 10 
63 11. 

83 18. 
84 20 
85 21' 
86 23' 
88 1 
89 2. 

d. h. 
288 4. 
267 IO 
208 16' 
269 21 
271 2. 
272 8 

ni 21. 
2'23 3 
224 8' 
225 14 
226 19' 
228 1 

273 14 

ne 1 
277 0. 
278 12 no 179 

n 4  19. 

251 in 280 w NO 11. 340 00 380 13 
252 I6 282 4. 311 17 341 6 370 18. 
253 21. 283 10 312 23 342 11. __.._____ 
255 3 284 15' 314 4. 343 17 .._...___ 
256 8' !B5 21 315 10 344 22*_.___..__ 
257 14 287 2. 316 15. 340 4 .____._.. 

299 IO 3% 22. 368 11. 
300 15. 330 4 I 369 17 
301 21 I 331 9'1 360 22* 

70 23 
72 0. 
73 2 
74 4 
75 5. 
76 7 

BB 14 
07 15. 
98 17 
99 18' 
1M) 20' 
101 22 

d .  h.  
307 23 
339 0. 
310 2 
311 4 

d .  h.  
1 0  

2 15 
3 17 
4 18. 
520 

0 21. 
7 23. 
9 1  
IO 2' 
11 4 
12 6 

13 7. 
14 9 
15 10. 
16 12' 
17 14 
18 15. 

19 17 

21 20. 
2222 

2 5 1  

13' 

m IR* 

n 23. 

d .  h .  
333 14 
331 15. 
135 17 
336 18. 

27 4. 
2 8 6  

30 9' 
31 1 1  

32 12' 
33 14 
34 16 
35 17' 
30 19 

38 22' 
40 0 
41 1' 
42 3 
43 6 
44 6' 

45 8 
46 9' 

28 7.1 

37 20. 

49 14'1 

1 
50 16 

log 9. 

111 12. 
112 14 

110 11 

113 16 
114 17' 

135 o* io0 16 I 180 6 ' 211 21 237 12 283 3 m 18 314 8. m n* 
137 3- 102 18. 188 9' 214 00 n9 15 265 fi m, 21 310 12 342 3 
1% 5 in3 20, 180 11 215 2 240 17 zm 7' 281 n* 317 13. 343 4. 

138 2 101 17 187 7' 212 22' 238 13. 264 4. 280 10' 315 10' 341 1 

139 6' 104 21 1W 12. 216 3' 241 18. 267 9' 283 0' 31R 15 344 0 
140 8' 105 23' 101 14 217 5 242 20 208 11 204 2 319 17 345 7' 

115 19 
Ilfi 20. 
117 22' 
110 0 
120 1' 
121 3 

04 13 I 00 4 
65 15 91 6 

141 10 
142 11. 
143 13 
144 15 
145 16. 
146 18 

21R 8' 

220 10 

222 13 
223 15 

219 8. 

221 11- 

122 5 147 19. 173 10. iw 1. 224 16- 
123 6. 148 21' 174 12. 200 3 225 18 
124 8 149 23 175 14 201 5 2% 19. 
125 9. 151 0' 178 15. 202 6. 227 21. 
120 11. 162 2 177 17 203 R 228 23 
127 13 153 4 

Constltuont J 

243 21. 209 12' 

246 1 271 16 

248 4 273 19 
249 0 274 20' 

244 n* n o  14 
247 2. n 2  17. 

250 7. 275 22. 3ui 13 3 n  4 352 10 
251 9 277 0 302 16 3% 6 353 20. 
252 10. 278 1. 303 16' 329 7' 354 22. 
253 12. 279 3 304 18 330 9 350 0 
254 14 280 5 305 19' 331 10' 357 1' 

102 n* 1% 14. 

106 4. 131 in*: 

104 1 129 10 
105 3 130 18 

107 6 132 21 
108 7' 133 PYl 

320 18. 
321 20 
322 21' 

325 1 
323 2' 

m n* 

d .  h .  I 
179 20.i 

346 9' 
347 11 
348 12' 

350 16 
3.51 17' 

349 14 

257 18. 
2% m*' 
259 22 

202 1 

178 i8*, 204 0- 

d .  h .  
282 8 
283 9' 
284 11. 
Z35 13 
2R6 14. 
287 IO 

230 neI 255 i5.i 281 6.1 3 w  21. 332 12. 358 3 
1 

172 9 I 

192 16 
193 17' 
191 19 

18(1 22' 
198 0 

19s 20. 

285 3' 
2 8 0 5  
287 0' 
288 8. 
299 10 
J'3 11. 
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Table 31.-For construction of primary stencils-Continued 

Con. J 

d . h .  
359 6 
360 6' 
301 8 
362 0' 
3W 11. 
364 13 

365 14. 
366 16 
367 18 
388 19. 
368 21 
370 22. 

_ _ _ _ _ _ _  _ _ _ _ _ _ _  
_.___.. _ _ _ _ _ _ _  
_._____ _ _ _ _ _ _ _  
_ _ _ _ _ _ -  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  
.______ ______. 

Dineronce Constituent 00 

d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  
1 0 13 22 27 2 40 6' 63 10' 66 14. 79 18. 92 22' 106 2. 

7' 14 11' 16' 19' 23. 67 3' RO 7' 93 11' 16. 
20. 15 0' 28 4. 41 8. 64 12' 16. 20' 94 1 107 5 

2 9. 13' 17' 22 65 2 88 8 81 IO 14 18 
23 16 3 29 7 42 11 15 19 23 95 3 108 7 

3 12 lG 20 43 0 58 4 69 8 82 12 16' 20. 
4 1 17 6 30 9' 13. 17' 21. 83 1. 98 5. 108 9. 
14. 18' 22' 44 2' 57 6. 70 10' 14' 18' 22. 

6 3. 18 7' 31 11. 15. 19. 23' 84 3' 97 8 110 12 
16. 20. 32 1 45 6 68 9 71 13 17 21 111 1 

8 6 19 10 14 18 22 7 2 2  8 5 6  E310 14 
19 n 33 3 46 7 69 11 15 19 n* 112 3. 

7 8  2012 18' 20' 80 0' 73 4' 86 8' 88 12' 10' 
21. 21 1. 34 6' 47 9. 13. 17. 21. 100 1' 113 5. 

lK 19 8 10' 14' 18' 22' 61 2. 74 6. 87 11 
23. 3. a5 8 48 12 10 20 88 0 101 4 114 8 

9 13 17 21 49 1 62 6 75 9 13 17 21 
10 2 23 6 36 10 14 18 22 89 2' 102 6. 115 10' 

11 4' 24 8' 37 12' 16' 20. 57 0' W 4' 103 8' 116 12. 
17. 21' 38 1' 61 5. 64 9' 13. 18 22 117 2 

12 6' 25 10. 15 19 23 78 3 91 7 1M 1 1  16 
16 20 105 0 118 4 20 26 0 39 4 62 8 

13 9 13 17 

- 

16 I9 n* 60 3. e3 7. i e  11. 15. 19. 23. 

79 5 92 9. 13. 17. 

0 
$1 
+2 
$3 
+4 
4-6 

+6 
+7 
+8 
+9 

4-10 
+11 

+I2 
+13 
+I4 
4-16 
+I6 
+I7 

4-18 
+I9 
+20 
+21 
4-22 
+23 

I 

4-1 
- t2  
4-3 
+4 
+5 

+a 
+7 
+8 
+e 
+10 
+I1 

+I2 
+I3 
+I4 
+I6 
+lo 
+I7 

+I8 
+10 

1-21 
+22 
+P 

-1-20 

- 

-23 -n 
-21 

-19 

-18 
-17 
-16 
-15 
-14 
-13 

-12 
-11 
-10 
-9 
-8 
-7 

-8 
-5 
-4 
-3 
-2 
-1 

-20 

2T 

-n 

-20 

-n 
-21 

-19 

-18 
-17 
-16 
--IS 
-14 
-13 

-12 
-11 - 10 
-9 
-8 
-7 

-6 
-6 
-4 
-3 
-2 
-1 
- 

d . h .  
119 6' 

120 9 n 
121 11 

19' 

122 00 

d . h .  d . h .  d . h .  d . h .  d . h .  d . h .  
132 10' 146 14. I68 18. 171 '22' 1s 2' 198 0' 

133 13 17 21 173 1 186 I 188 9 
la4 2 147 8 160 io 14 18 

16 19' 23. 174 3. 187 7. 200 ?* 
23' 146 4 159 8 172 12 16 a0 

136 4. 148 8. 161 12. 16. m* mi 0' 

Constituent 00 

d .  h. 
211 11 
2 120 

13 
213 2. 

15' 
214 4' 

18 
216 7 

20 
216 9' 

217 11 

218 1 
14 

18. 
220 5' 

18. 

B: 

219 3 

221 8 
21 

222 10 
23. 

223 12. 
224 1' 

d .  h. d .  h. 
224 15 237 19 
2 2 3 4 P g 8  

17 21 
223 6' 23Q 10' 

19' 23' 
M 8' 240 12. 

22 241 2 
228 11 16 
2 2 8 0 2 4 2 4  

13' 17' 
n o  2. 243 e* 

15' 19. 

231 S 244 9 
18 22 

20' 246 0' 
233 9' 13. 

22' 247 2. 

23412 16 
236 1 248 6 

14 18 
236 3' 219 7. 

16' 10' 

232 7 245 11 

237 5' 250 9' 

13' 
123 2. 

16 
124 5 

125 7. 
18 

17. 21. 162 1' 175 6. 188 0. 14 
136 6' 148 11 15 18 I 2 0 2 3  

20 150 0 163 4 176 8 188 12 16 
137 I) 13 17 21 190 1 203 5' 

22 151 2. 164 e* in 10. 14' 18' 
138 11' 15' 19' 23' 191 3' 2134 7' 

20' 
126 9' 

23 
127 12 
128 1 

14. 

139 0' 152 4. 165 8. 178 12. 16. 21 
13. 16 22 179 2 192 6 205 10 

140 3 153 7 168 11 15 19 23 
16 20 187 0 180 4 193 8 208 12' 

141 6 154 9. 13' 17. 21. 207 1' 
18. 22' 168 2' 181 6' 194 10' 14' 

129 3' 
16' 

130 6 
10 

131 8 
21. 

142 7. 155 11. 16. 19. 23' 208 4 
20' 156 1 I69 5 182 9 195 13 17 

143 10 14 18 22 1962 ? X I 9 6  
23 167 3 170 7 183 I1 15 19' 

144 12. 10' 20. 184 0. 197 4. 210 8' 
146 1' 1M 6' 171 9. 13' 17. 21' 
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Table 31.-For construction of primary stencils-Continued 

0 
+I 
+2 
+3 
$4 
+5 

+e 
+i 
+R 
+O 

+IO 

$12 
+I3 
+14 
+I5 

$11 

$18 
+lQ +m 
+ZI 
+22 
+2a 

Difference 

-23 
-22 
-21 

-1Q 

-18 
! -17 

-16 
-15 
-14 

-12 
-11 
-10 
-Q 

-m 

-la 

3 
-e 
-5 

-2  

-4 -a 
-1 



288 

Serlm 28 l- 
30 
31 
28 
30 
28 

a0 
28 
28 
28 
30 

28 

30 
28 
28 
30 

23 
28 
28 

a0 
28 

28 

m 

m 

m 

Beriea 14 -- 
Hour 
O..... 
l..... z..... 
3..-.. 
4.... . 
S..... 

e..... 
7..... 
8..... 
8---.- 

10 ..... 
11 ..... 

12 .... . 
13 
14.. - ~ - 
16 ..... 
16 ..... 
17 ..... 
18..... 
19 ..... 
21. _ _ _  
22 ..... 
23..... 

m ___. 

16 
14 
14 
14 
1.1 
14 

14 
14 
14 
14 
14 
14 

14 
14 
14 
13 
14 
14 

14 
14 
14 
14 
14 
14 

I 
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Table 32.-Dioisore for primary stencil 8uma 
CONSTITUENT J - - 

68 
I 

68 
gQ 
68 
68 
69 
69 

67 
68 
68 
67 
68 
69 

67 
68 
68 
68 
Nc 
57 

68 
68 
67 
68 
68 
‘37 
- 

30 
a0 
28 
28 
28 
28 

28 
28 
28 
29 
28 
28 

28 
28 
28 

28 
28 

28 
28 
28 
23 
28 
28 

m 

68 
69 
69 
69 
67 sa 
68 
68 
68 
68 
67 
68 

68 
68 
68 
67 
68 
68 

68 
68 
68 
57 
68 
58 

- - 
87 - 
87 
a9 
86 
88 
88 
87 

88 
87 
88 
87 
RB 
88 

86 
88 
87 
86 
87 

88 
87 
87 
86 
88 
88 

a7 

- 

87 - 
88 
8.9 
88 
88 
87 
88 

87 
87 
87 

86 
87 

a7 

87 
87 
87 
Rfl 
86 
87 

87 
A7 
87 
98 
86 
R7 

- - 
106 - 
108 
108 
104 
108 
104 
106 

108 
104 
106 
106 
104 
107 

104 
104 
108 
106 
106 
106 

104 
106 
104 
104 
106 
104 
- 
- - 
106 - 
106 
108 
108 
106 
106 
106 

108 
106 
106 
105 
104 
105 

106 

106 
104 
104 
101 

106 
106 
105 
104 
104 
106 

in6 

- - 
134 - 
134 
135 
134 
136 
136 
134 

134 
134 
134 
134 
134 
134 

134 
133 

136 
la3 
134 

134 
133 
134 
133 
1M 
134 

la4 

- 

- - 
183 

-- 

104 
164 
102 
185 
103 
183 

166 
183 
164 
183 
162 
164 

162 
162 
104 
162 
103 
183 

102 
183 
162 
I82 
164 
161 
- 

- - 
192 - 
192 
193 
192 
192 
193 
183 

192 
193 
193 
192 
193 
193 

10 1 
191 
182 
192 
191 
182 

182 
191 
191 
191 
192 
191 

CONBTXTWENT K - - 
134 - 
135 
135 
136 
136 
134 
134 

135 
135 
135 
134 
133 
133 

134 
I34 
134 
133 
133 
133 

134 
134 
134 
133 
133 
134 
- 

lo3 - 
104 
I64 
104 
164 
183 
183 

183 
I84 
164 
104 
183 
162 

163 
I fx3 
103 
162 
162 
102 

183 
163 
183 
162 
162 
162 
- 

192 - 
193 
193 
193 
103 
192 
192 

192 
I93 
193 
193 
192 
192 

192 
192 
192 
191 
191 
191 

191 
192 
192 
I91 
191 
191 
- 

- - 
221 - 
221 
222 
220 m 
222 
221 

222 
221 m m 
220 
223 

221 
220 
223 
220 m 
221 

220 
221 
220 
21 8 
222 
219 
- 
- - 
221 - 
221 
222 
222 
222 
221 
221 

221 
221 
222 m 
221 
221 

221 
222 
222 
220 m 
220 

220 
221 
221 
220 
220 
m, 
- 

- - 
260 
-- 

250 
250 
250 
251 
2.50 
261 

250 
2.50 
251 
260 
230 
251 

250 
230 
2M 
251 
2.50 
260 

260 
249 
249 
249 
248 
219 
- 

251 ~. 
260 
230 

250 
230 
251 

- - 
279 - 
279 
280 
278 
280 
280 
278 

280 
279 
279 
280 
278 
280 

279 
278 
280 
279 
279 
250 

27s 
250 
279 
277 
278 
?77 
- 

- - 
279 -- 
279 
279 
280 
280 
279 ne 
27A ne 
280 
280 
278 
279 

279 
278 
280 
279 no 
279 

278 
278 
279 
278 
278 
278 - 

- - 
287 - 
288 
288 
286 
288 
287 
287 

288 
287 
288 
297 
287 
288 

286 
287 
287 
296 
297 
286 

288 
287 
286 
286 
288 
285 
- 

288 
287 
287 

287 
287 
287 
287 
287 
287 

287 
287 
287 
286 
286 
288 - 

I - 
a% - 
326 

328 
326 
327 
328 

326 
327 
328 
328 
326 

328 
326 
327 
327 
325 
326 

325 
325 
326 
325 
324 
326 

327 

327 

- - 
328 - 
3uI 
328 
327 
327 
326 
320 

326 
325 
327 
327 
326 
325 

326 
328 
326 
326 
326 
326 

328 
328 
326 
325 
326 
325 
- 

- - 
356 - 
866 
358 
364 
366 
355 
ab5 

3m 
354 
356 
365 
354 
367 

364 
364 
368 
366 
366 
366 

366 
366 
364 
354 
360 
353 
- 

360 
365 
355 

966 
364 
356 
356 
366 
355 

355 
355 sns 

365 
355 
356 
355 
366 
3b4 
-- 

- - 
369 

370 
389 
369 

389 
370 

369 
359 
371 
369 
a68 
370 

368 
388 
369 
369 am 
368 

369 
369 
388 
388 
369 
388 

a70 

- - 
369 - 

369 
369 
369 
370 
369 
369 

369 
388 
BR9 
3iO 
369 
36R 

369 
369 
309 
369 
369 
369 

369 
389 
368 
3fl9 
360 
369 
c 
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Table 32.-Divisors for primary stencil sums-Continued 
CON~TITUENT L 

105 
105 
105 
107 
100 
104 

Srrics 29 l- 

136 
134 
134 
135 
I35 
134 

29 
29 
29 
30 
30 
29 

29 
30 
30 
29 
30 
29 

29 
29 
29 
28 
28 
28 

29 
29 
28 
28 
29 
29 

164 
183 
162 
186 
164 
183 

15 
15 
15 
10 
16 
15 

15 
16 
16 
16 
15 
15 

15 
15 
15 
14 
16 
15 

14 
16 
14 
I4 
16 
16 

ma 
192 
192 
193 
193 
192 

29 
29 
28 
29 
30 
28 

29 
29 
29 
29 
29 
28 

29 
30 
29 
29 
29 
29 

29 
30 
28 
29 
30 
29 

106 
105 
108 
106 
105 
104 

- - 
68 - 
50 
59 
58 
58 
58 
58 

57 
59 
58 
57 
58 
58 

I 
58 
58 
68 e 
57 

*58 
54 
M 
M 
56 
M 
- 

134 
134 
135 
135 
134 
133 

- - 
87 - 
87 
(17 
87 
R7 
RR 
88 

80 
88 
88 
87 
87 
87 

87 
p8 ea 
86 
RG 
80 

87 
R7 
86 
80 
87 
87 

163 
103 
164 
165 
163 
162 

- - 
106 - 
105 
100 
100 
105 
1oG 
106 

105 
In6 
105 
104 

106 

104 
10s 
105 
105 
104 
104 

105 
105 
10: 
104 

10: 

io5 

in! 

192 
192 
193 
193 
192 
192 

"1" 

102 
103 
163 
163 
162 
162 

59 
57 
MI 
59 
58 
67 

58 
68 
59 
58 
57 
57 

58 
19 
58 
58 
57 
h9 

58 
58 
57 
MI 
59 
58 

191 
192 
192 
192 
191 
192 

87 
87 
86 
88 
87 
80 

87 
87 
87 
87 
87 
86 

87 
ffl 
87 
A7 
87 
87 

87 
88 
80 
87 
88 
R7 

105 
105 
105 
104 
104 
105 

- - 
134 - 
133 
134 
134 
134 
136 
134 

133 
135 
135 
133 
134 
134 

134 
135 
134 
134 
134 
134 

134 
135 
134 
132 
134 
134 

133 
134 
134 
134 
133 
134 

- - 
163 - 
103 
104 
103 
163 
104 
164 

103 
104 
104 
163 
164 
162 

162 
103 
163 
103 
102 
161 

162 
103 
163 

183 
183 

in2 

- - 
I02 - 
191 
192 
192 
192 
102 
192 

191 
193 
193 
191 
192 
192 

192 
192 
193 
I92 
191 
192 

192 
192 
192 
191 
193 
193 

- - 
221 - 
221 
222 
221 
221 m 
222 

T2l m 
222 
221 
221 m 
221 
220 
221 
221 
220 m 

221 
2?1 
218 
221 
221 

22o 

- - 
150 - 
2bo 
261 
250 
250 
250 
250 

240 
250 
251 
250 
249 
250 

250 
250 
250 
250 
249 
250 

250 
250 
250 
249 
251 
261 

- - 
ng - 
279 
279 
280 
279 
2i9 
280 

279 
279 
280 
279 
279 
280 

279 
279 
280 
270 
278 
278 

278 
279 

2i7 

270 

nu 
nu 

CONST~TUSNT M 

105 134 
106 I 134 

103 I 102 

-I- 

;: I 
I62 191 
102 192 
163 192 
163 I 192 

- - 
22 1 - 
222 
221 
221 
222 
222 
221 

m 
221 
221 
223 
221 
221 

2#) 
221 

222 
2M 
220 

m 
221 
220 
221 
221 
2213 

220 

- - 
250 - 
260 
2MJ 
250 
I 1  
251 wo 
250 
250 
251 
251 
250 
250 

250 
250 
2Ml 
250 
249 
250 

240 
250 
249 
250 
249 
250 

- - 
270 
- 

279 
279 
279 
281 
280 
278 

280 
279 
280 
2Ro 
270 
278 

280 
27L) 
278 
279 
278 
279 

27R 
279 
277 
2Ro 
279 
278 

- - 
297 - 
297 
297 
298 
298 
207 
298 

297 
298 
298 
290 

297 

297 
288 
297 
297 
200 
297 

280 
297 
297 
290 
297 
298 

ma 

- 

296 

297 
298 

297 
297 
2 9 G  
298 
298 
200 

- - 
326 - 
3% 
320 
328 
326 
3243 
327 

325 
328 
327 
326 
328 
326 

326 
328 
327 
327 
325 
320 

326 
328 
327 
324 
326 
328 - 
- - 
328 - 
325 
3% 
326 

328 
326 

326 
326 
320 
327 
328 
325 

320 
327 
320 
3% 
326 
320 

320 
326 
327 
327 
32G 

328 

320 

- - 
366 
- 

355 
365 
3M1 
368 
356 
356 

355 
360 
357 
355 
354 
355 

356 
3M 
355 
356 
363 
356 

36: 
354 
35t 
3.54 
351 
35: 

289 

- - 
369 - 

369 
369 
370 
370 
370 
a09 

368 
369 
370 
369 
388 
369 

3R9 
388 
870 
369 
307 
369 

369 
369 

368 

370 

309 

309 

- - 
855 - 
355 
364 
364 
367 
355 
364 

355 
354 
355 
357 
354 
354 

355 
356 
350 
356 
354 
365 

355 
350 
354 
350 
385 
355 

-. -. 

- - 
360 
- 

369 
300 
369 
371 
370 

369 
369 
370 
371 
368 
369 

3RB 
309 
309 
369 
388 
369 

368 
309 
368 
369 
309 
309 

aw 

-_ 
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Table 32.-Di~isors for primary stencil sums-continued 
CONBTITUENT N 

- - 
1ga 
- 

191 
194 
191 
192 
193 
192 

191 
19 1 
184 
192 
191 
193 

192 
191 
191 
184 
191 
191 

192 
191 
191 
194 
191 

lea 

- 

- - 
221 - 
220 
223 
220 
221 
223 
222 

221 
220 
223 
221 
221 
224 

220 
219 
220 
222 m 

222 
220 
219 

223 
220 

220 

220 

- 

- - 
187 - 
297 
299 
296 
297 
290 
297 

288 
298 
288 
297 
297 
290 

297 
295 
297 
298 
295 
288 

298 
296 
295 
297 
298 
295 
- 

- - 
297 - 
290 
288 
297 
298 
285 
298 

298 
297 
288 
296 
288 
298 

295 
2u6 
297 
298 
297 
296 

288 
297 
288 
297 
296 
295 

_- 

- - 
328 - 
327 
327 
324 
328 

328 

324 
320 
327 
325 
328 
328 

326 
324 
328 
321 
325 
327 

321 
32: 
32t 
3% 
32E 
3 2  

328 

- 

- - 
356 - 
356 
357 
354 
366 
367 
356 

354 
357 
358 
354 
358 
357 

356 
354 
354 
355 
353 
355 

356 
354 
363 
354 
350 
353 
- 

- - 
355 
L 

357 
367 
363 
356 
353 
356 

356 
354 
386 
354 
357 
355 

354 
354 
355 
358 
354 
355 

354 
355 
357 
354 
355 
354 
- 

- 
369 

370 
370 
367 
370 
371 
369 

367 
370 
370 
308 
370 
371 

308 
388 
369 
370 
308 
870 

371 
367 
367 
308 
370 
367 

- - 
58 - 
58 
58 
57 
I 
58 
59 

58 
58 
58 
58 
58 
58 

59 
58 
57 
58 
58 
58 

58 
59 
57 
57 
59 
58 
-_ 

- - 
87 -- 
87 
88 
87 
88 
87 
88 

87 
87 
88 
88 
88 
86 

87 
86 
86 
88 
86 
86 

87 
87 
86 
86 
88 
86 
- 

- - 
183 - 
163 
165 
162 
163 
164 
164 

163 
163 
164 
163 
163 
165 

164 
161 
101 
164 
102 
162 

164 
163 
161 
161 
165 
162 
- 

- - 
134 - 
134 
135 
1% 
134 
135 
134 

133 
133 
135 
134 
134 
135 

134 
133 
133 
135 
134 
134 

134 
134 
133 
133 
137 
133 

- - 
106 - 
105 
108 
105 
106 
105 
108 

105 
105 
107 
105 
105 
106 

108 
104 
104 
105 
104 
104 

105 
106 
104 
103 
108 
104 

- 
29 - 
29 
29 
29 
30 
30 
30 

29 
29 
29 
30 
30 
30 

28 
28 
28 
20 
28 
28 

28 
28 
22 
28 
30 
26 

- 
279 
- 

279 
281 
278 
279 
282 
279 

278 
279 
281 
279 
n9 
281 

278 
n 7  
279 
280 
277 
278 

280 
278 
271 
279 
281 
277 
- 

- 
250 - 
250 
252 
248 
249 
252 
250 

249 
250 
251 
249 
249 
252 

2M) 
249 
250 
251 
249 
249 

252 
260 
249 
249 
252 
249 
- 

Berios 15 -- 
16 
16 
16 
I6 
16 
15 

15 
15 
14 
15 
15 
15 

15 
15 
14 
14 
15 
15 

15 
15 
14 
14 
16 
15 

CONSTITUENT 2N 
- - 
134 - 
135 
135 
134 
136 
132 
134 

135 
135 
135 
133 
135 
135 

135 
134 
133 
133 
134 
134 

132 
133 
134 
134 
135 
131 

- - 
221 
- 
222 m 
222 
221 

222 

222 
223 
220 
220 
221 
222 

221 
219 
220 
222 
221 

220 

220 

219 
220 
222 
221 
220 
219 

5 

a69 
/ 

371 
371 
388 
370 
388 
309 

370 aee 
388 
369 
370 
369 

388 
308 
370 
370 
388 
369 

3b5 
369 
371 
367 
369 
388 
/ 

- - 
103 - 
163 
165 
164 
164 
161 
163 

164 
165 
163 
162 
164 
104 

165 
162 
161 
163 
163 
163 

161 
161 
164 
163 
163 
101 

- - 
192 - 
193 
194 
193 
193 

192 

194 
193 
192 
191 
193 
194 

193 
180 
191 
192 
192 
192 

189 
191 
193 
192 
192 
189 

im 

- 

58 - 
80 
88 
87 
88 
86 

28 
30 
28 
30 
29 
28 

30 
28 
29 
29 
29 
29 

29 
29 
29 
29 
29 
29 

29 
29 
30 
28 
30 
28 

58 
b.8 
58 
59 
57 
58 86 

262 
251 
249 
250 
25 1 
251 

58 
69 
59 
57 
58 
58 

88 
88 
88 
86 
87 
87 

1M 

278 
280 
280 326 lo0 

249 
248 
250 
250 
251 
219 

58 
59 
57 

88 
87 
86 
87 
87 
88 

280 
279 
278 

58 
58 
58 

248 
249 
251 

59 
67 
59 
58 

87 
86 
88 
87 
87 
85 

lo4 
103 
100 
104 
1oE 
108 

279 
278 
277 
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328 
328 
327 

320 
328 

327 

Table 32.-Divieore for primary etencil 8ume-~ontinned 
CONSTITUENT 0 

365 
356 
355 

365 
356 

365 

Series 14 
-- 

104 
106 
106 
105 
106 
104 

Hours 
0-.... 
l..... 
2.-... 
3.-... 
4.-.-- 
5...-- 

e..... 
7..... 
8..... 
Q..... 

10 ..... 
11 ..... 

12 ..... 
13 ..... 
14 ..... 
I5 ..... 
16 ..__ 
17 ..... 

18 ..... 
19..-.. 

21 ..... n..... 
23....- 

m..... 

132 
135 
134 
134 
133 
131 

13 
14 
14 
14 
14 
14 

14 
14 
14 
15 
14 
14 

14 
13 
14 
14 
14 
14 

13 
14 
16 
14 
16 
14 

161 
le5 
163 
163 
162 
162 

163 
162 
164 
162 
164 
161 

- - 
28 
- 

28 
28 
28 
30 
28 
28 

28 
28 
28 
30 
28 
30 

28 
28 
28 
28 
30 
29 

28 
28 
28 
28 
30 
28 
- 

180 
104 
181 
183 
181 
183 

183 
182 
182 
191 
183 
190 

Iioura 
0 ........... 
1- .......... 
2. .......... 
3. .......... 
4. - - - - - - - - - - 
6 ........... 

6- - - - - - - - - - - 
7. .......... 
8- - -  ........ 
9... ........ 
10 ........... 
11 _.___. ~ - - _ -  
12 ........... 
13 _ _ _ _ _  _ _ _ _ _ _  
14 ........... 
16.. ......... 
16. .......... 
17.-. ........ 
18. _ _ _ _  .-.--- 
18.. ......... 

21 ........... 
22...-.-.--.. 
23 

m. . - - - - - - - -. 

- - - - - - - - 

218 
2w 
220 
223 
210 
222 

28 
30 
28 
31 
30 
28 
28 
?B 
28 
28 
28 
28 

28 
28 
30 
28 
28 
28 

30 
28 
28 
28 
28 
28 

248 
261 
248 
261 
248 
251 

- - 
58 
- 

68 
68 
67 
67 
58 
6Q 

58 
58 
56 
68 
58 
68 

58 
67 
58 
58 
58 
58 

68 
68 
68 
58 
67 
58 
- 

277 
280 
Z18 
280 m 

- - 
87 
- 
R7 
88 
88 
87 
87 
87 

87 
87 
88 
87 
87 
88 

87 
87 
87 
87 
87 
88 

87 
88 
87 
87 
86 
86 

!a7 
288 
287 
288 
286 

280298 

68 
Bo 
67 
Bo 
Lu3 
68 

58 
68 
69 
68 
58 
67 

58 
67 
68 
67 
58 
67 

58 
67 
68 
58 
57 
Lu3 

325 
327 
328 
328 
326 
3 n  

86 
88 
86 
69 
R7 
88 

88 
88 
88 
87 
87 
87 

88 
87 
88 
86 
87 
86 

88 
86 
87 
88 
87 
I37 

366 
365 
365 
356 
356 
3% 

- _. 

105 
- 

108 
106 
105 
105 
108 
105 

105 
105 
108 
106 
105 
107 

105 
104 
105 
106 
104 
104 

104 
104 
105 
105 
105 
104 

106 
104 
107 
104 
106 
104 

- - 
134 - 
136 
134 
133 
134 
13s 
136 

134 
135 
134 
134 
136 
136 

136 
132 
133 
133 
134 
133 

134 
133 
134 
133 
134 
134 

136 
133 
136 
132 
136 
133 

- - 
163 
- 
164 
164 
162 
164 
163 
163 

164 
164 
164 
163 
164 
164 

163 
161 
163 
162 
163 
161 

163 
163 
163 
163 
162 
162 

221 
221 

222 
220 

- - 
182 
- 
182 
182 
182 
193 
193 
182 

193 
182 
183 
183 
183 
182 

182 
169 
182 
192 
192 
181 

191 
182 
182 
192 
181 
192 
- 

w) 
w) 

m250 
2 2 0 2 5 0  

251 
249 

104 134 
107 136 

107 137 
104 132 
108 136 

icn 133 

328 
323 
326 
327 
320 
928 

3x4 

324 
327 
326 

327 

328 

a66 
368 
354 
3 M  
354 
366 

354 

354 
at% 
364 

3 m  

 MI 

108 
104 
106 
104 
105 
105 

136 
132 
136 
133 
135 
134 

T 

le5 
161 
164 
161 
163 
163 

162 191 
188 I 18( 

183 
169 
183 
1Rl 
183 
181 

224 
218 
222 
218 m 
220 

262 
248 
262 
248 
261 
248 

- - 
221 
- 
222 
221 
221 
221 
222 m 
m 
222 
221 
221 
221 
222 

221 
218 
220 
221 
221 
220 

221 
22 1 
2#) 
220 
221 
221 
- 

281 

280 m 
281 

277 

ns 

- - 
m - 
251 
261 
250 
261 
w) 
251 

251 
261 m 
260 
248 
251 

250 
248 
2w 
2W 
2w 
248 

250 
wl 
2w 
249 
2w 
249 
- 

288 

298 
286 
288 

ZQK 

286 

221 w) 
221 2 w  
2 2 0 2 5 0  
223 261 
220 249 
223 251 

I 

- - 
279 
- 
279 
280 
218 
280 
280 
280 

278 
280 

ne 
218 
280 

218 
276 
218 
280 
27Q m 
278 
278 
278 
279 
218 
278 

ns 

- - 
287 - 
288 
288 
286 
287 
287 
287 

287 
287 
286 
287 
287 
288 

287 
286 
287 
287 
a8 
286 

287 
287 
286 
287 
288 
287 
- 

280 288 
218 287 
280 287 
281 288 
278 287 
280 288 

I 

- - 
a% - 
327 
327 
326 
320 
325 
328 

328 
327 
326 
328 
328 
321 

327 
324 
327 
326 
326 
3 1  

327 
326 
328 
328 
328 
328 - 

- - 
3.56 - 
356 
356 
354 
366 
364 
365 

356 
3MI 
356 
365 
358 
360 

355 
353 
366 
3.56 
355 
364 

365 
365 
366 
356 
366 
365 - 

328 365 -I- 

- - 
368 
- 

369 
368 
388 
370 
368 
369 

308 
368 
388 
368 

370 

369 
367 
369 
370 
368 
369 

368 
368 
368 

369 
368 

am 

a70 

- 

- - 
368 - 
368 
368 
368 
370 
368 
368 

388 
360 
368 
368 
388 
368 

369 
370 
368 
368 
368 
368 

370 
388 
368 
388 
370 
3m - 
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87 

87 
87 
87 
88 
87 
87 

87 
88 
87 
87 
87 
88 

87 
87 
8R 
87 
87 
87 

87 
88 
86 
88 
86 
87 
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Table 32.-Divisors for primary stencil sums-Continued 
CONSTITUENT P 

105 -- 
105 
105 
106 
108 
IOS 
105 

105 
I 0 8  
106 
105 
105 
108 

10.5 
105 
IC4 
105 
108 
104 

105 
I04 
104 
104 
104 
lo5 

192 
._ 

193 
182 
192 
193 
193 
192 

192 
193 
192 
193 
192 
192 

191 
192 
192 
191 
192 
192 

192 
191 
192 
101 
191 
192 

6orles 1 29 

-__ 

221 - 
222 
221 
222 m 
222 
221 

221 
222 
'221 
221 
220 
221 

220 
221 
221 
220 
221 
221 

221 
220 
221 
221 
220 
221 

135 
134 
134 
135 
134 
134 

134 

-- 
184 
183 
181 
161 
184 
1&', 

lG3 

354 
3ss 
35R 
355 
354 

355 
358 
354 
355 
355 
356 

354 
355 
358 
354 
365 
355 

3.56 
354 

368 
369 
370 
389 
388 

389 
370 
308 
368 
360 
370 

388 
369 
370 
388 
370 
389 

370 
363 

m 
297 
288 
298 
297 
296 

a 7  
297 
%ti 
297 
297 
297 

2M 
297 
288 
260 
207 
297 

298 
2(Hl 

327 
297 
327 
327 
3% 
325 

320 
328 
32s 
3% 
326 
326 

325 
326 
327 
325 
32i3 
326 

327 
325 

CONSTITUENT Q 

134 
135 

134 
134 
135 
133 
134 
133 

134 
I 3 3  
134 
133 
133 
134 

163 
164 

163 
102 
163 
162 
101 
162 

163 
182 
163 
182 
102 
183 

- - 
250 
- 

251 
w) 
251 
251 
251 
w) 

251 
261 
249 
w) 
249 
250 

249 
250 
250 
249 
250 
250 

250 
249 
250 
250 
249 
250 

12 ... -_.__.__ 
13 __.________ 
14 _ _ _ _ _ _ _ _ _ _ _  
I5 __.________ 
la... -__-.___ 
17.. _ _ _ _ _ _ _ _  ~ 

__ - 
ne - 
280 
279 
280 
280 
280 
279 

279 
279 
278 
279 

279 
ne 

278 ns 

no 
280 
2i8 

279 

279 
278 
279 
279 
278 
279 

29 68 
29 68 
30 59 
29 bS 
29 68 
29 68 

221 

222 
221 
222 
220 
22s 
219 

219 
223 
221 
221 
220 

220 
221 

222 
219 
223 

218 
223 
215 
222 
220 
221 

250 
-- 

2m 
250 
251 
248 
253 
249 

2 2 4 2 . 5 4  
248 
251 
248 
250 
249 

250 
250 m m  
251 
248 
261 

247 
252 
247 
262 
249 
251 

68 

69 

69 

69 
68 

69 
68 
68 
69 

67 
59 

69 

59 

67 
68 
67 
67 

87 -- 
88 

5 8 8 6  
88 

m 8 6  
89 
87 

118 
87 
87 
88 

b 8 8 6  
6 8 8 8  

86 
89 

6 8 8 7  
88 

6 8 8 8  
87 

86 
87 
88 
87 

6 8 8 7  
6 8 8 J  

- - 
326 - 
320 
3 n  
326 
320 
323 
325 

328 
324 
328 
325 
327 
324 

327 
325 
327 
326 
325 
326 

324 
320 
324 

325 
321 

328 

- 

105 

108 
104 
100 
103 
107 
106 

107 
104 
106 
108 
104 
106 

104 
107 
104 
107 
104 
108 

103 
106 
104 
105 
106 
103 

- - 
355 

355 
357 
354 
354 
350 
354 

356 
354 
356 
355 
355 
353 

356 
3% 
3rd 
355 
355 
365 

354 
358 
353 
356 
364 
357 
- 

134 -- 
138 
133 
1x5 
132 
136 
133 

138 
133 
13.5 
135 
134 
134 

133 
138 
133 
138 
133 
136 

131 
134 
132 
134 
134 
133 

- - 
369 _- 
308 
370 
388 
389 
370 
368 

371 
380 
389 
309 
370 
388 

370 
389 
371 
398 
388 
388 

387 
370 
387 
370 

370 
as8 - 

16.3 
-- 

101 
182 
105 
181 
160 
162 

165 
182 
164 
163 
163 
164 

163 
IC6 
181 
164 
181 
184 

180 
164 
181 
104 
182 
182 

192 - 
194 
191 
193 
180 
195 
191 

195 
191 
IM 
192 
192 
192 

191 
192 
191 
1CH 
180 
193 

188 
193 
180 
193 
191 
192 

280 m 

282 
277 

281 

278 

277 

278 
280 
277 

279 
278 ne 
280 

280 

281 

277 

ne 

n 7  

ne mi 

297 
208 

2 8 0 2 8 8  

280 
288 

300 

2 8 0 2 9 8  

298 
295 

29i 
28n 
287 
297 

298 

299 

295 
2 8 0 2 9 8  

297 

a:, 
260 

m 

29s 

?g( 

12 _.-__------ 
13 _ _ _ _ _ _ _ _ _ _ _  
14 .....-....- 
16 _ _ _ _ _ _ _  _ _ _ _  
16. _ _ _ _ _ _ _ _ _ _  
17 _ _ _ _ _ _ _ _ _ _ _  

29 
30 
29 
30 
29 
29 
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163 _- 
164 
164 
164 

163 
162 

162 
163 
183 
183 
163 
I83 

183 
183 
163 
163 
162 
162 

163 
163 
163 
163 
163 
163 

1114 

Table 32.-Divisors for pr imary  stencil sums-Continued 
CONSTITUENT 24 

182 - 
1R3 
183 
183 

182 
182 

191 
182 
182 
182 
182 
182 

182 
182 
182 
181 
181 
181 

182 
182 
182 
182 
182 
192 

183 

Series I 28 

105 ‘ 
108 
108 
108 
105 
105 
104 

104 
106 
106 
106 
106 
105 

106 
106 
105 
105 
106 
104 

105 
105 
106 
105 
I06 
105 

- - 
68 - 

50 
Ml 
77 
64 w 
W 
50 
80 
76 
64 w w 
W 
80 
77 
63 
60 
49 

48 
68 
76 
62 
48 
48 

134 
-- 

135 
136 
136 
135 
134 
133 

133 
134 
134 
134 
134 
134 

134 
134 
1.34 
134 
133 
133 

134 
134 
134 
134 
134 
134 

- - 
87 - 
83 
101 
102 
88 
76 
76 

83 
102 
I01 
88 
75 
76 

83 
101 
101 
87 
74 
74 

81 
101 
101 
87 
74 
74 

68 
68 

58 
68 

67 
58 
68 
68 
58 
68 

68 
68 
Ii8 
58 
68 
67 

68 
68 
68 
68 
68 
68 

- - 
106 - 
113 
116 
117 
104 
m 
Bo 

113 
117 
116 
104 
Bo 
80 

113 
117 
117 
103 
m 
m 
113 
117 
117 
109 
90 
m 

_- 
ea 
88 

m e a  
87 
87 

5 8 8 6  

80 
87 
87 
87 
87 
87 

87 
87 
87 
87 
87 
86 

87 
87 
87 
87 
87 
87 

- - 
134 - 
142 
141 
142 
128 
116 
130 

142 
142 
141 
128 
116 
136 

142 
142 
142 
128 
116 
136 

142 
142 
141 
127 
114 
1311 

12. _____.__- ~ 

13 ........... 
14 .... _ _ _ _ _  _ _  
15 .... _ _ _ _ _ _ _  
16 _ _ _ _ _ _ _ - - - -  
17 _ _ _ _ _ _  ~ _ _ _ _  

28 
28 
28 
28 
28 
28 

- - 
163 - 
107 
106 
167 
1M 
158 
167 

167 
167 
106 
1.54 
158 
167 

197 
167 
167 
163 
168 
166 

108 
106 
108 
162 
I68 
106 
- 

- - 
182 - 
182 
181 
182 
188 
182 
192 

192 
182 
181 
187 
181 
182 

182 
181 
181 
184 
181 

181 
181 
181 
104 
191 
191 

im 

- 
CONSTITUENT R 

- - 
221 - 
217 
216 
233 
2u) 
217 
217 

217 
217 
232 
2(0 
215 
216 

216 
210 
231 
228 
216 
216 

216 
210 
231 
220 
216 
216 
- 

- 
221 - 
na 
222 
222 
221 
221 
221 

221 
221 
221 
221 
221 
221 

221 
221 
221 
220 
220 
220 

221 
221 
221 
221 
221 
2a1 
- 

- - 
260 - 
242 
255 
2R8 
255 
242 
242 

241 
254 
287 
266 
240 
241 

241 
I 4  
288 
254 
241 
240 

241 
264 
288 
2M 
241 
241 - 
- 
260 - 
261 
I1 
251 
2W 
250 
260 

250 
251 
2W 
2W 
w) 
260 

2 w  
260 
248 
248 
248 
248 

w) 
260 
250 
260 
2W 
260 
- 

- - 
278 - 
278 
283 
283 

286 
266 

277 
293 
282 
280 
268 
288 

n 7  
203 
283 
278 
206 
286 

278 
282 
283 ne 
2BB 
286 

no 

- 
- - 
278 - 
280 
280 
278 
278 

278 

278 
280 
280 
278 
278 
278 

278 
278 
278 
278 
278 

278 
278 
278 
279 
279 
278 

a78 

- 

- - 
207 
- 

309 
308 
308 
286 
282 
282 

308 
309 
308 
288 
281 
283 

807 
308 
308 
294 
281 
280 

808 
907 
308 
294 
281 
281 
- 
- - 
287 - 
288 
288 
287 
287 
287 
287 

287 
288 
288 
288 
287 
287 

287 
280 
288 
288 

286 

287 
287 
287 
287 
297 
287 

2 m  

- 

- - 
326 - 
334 
a33 
334 
320 
307 
332 

334 
334 
333 
320 
306 
831 

332 
333 
333 
318 
300 
330 

933 
331 
333 
319 
3of 
831 
- 
- 
328 - 
327 
328 
328 
326 
328 
326 

328 
326 
325 
3‘26 
326 
326 

328 
328 
328 
328 
320 
328 

- - 
m - 
369 
368 
358 
346 
366 
358 

368 
368 
367 
346 
363 
868 

367 

368 
344 

367 

868 
3 67 

ass 

aw 

a 8  
a11 

868 

- - 
388 - 
371 
370 
371 
306 
370 
370 

370 
370 
368 
986 
368 
370 

368 
370 
370 
304 
370 
369 

800 

881 
1170 
370 

a70 

a70 

- - 
366 - 
358 
3% 
366 
366 
a56 
356 

355 
358 
366 
366 
360 

354 
3M 
354 
364 
364 
354 

366 
356 
3.55 
366 
356 
366 

358 

- - 
a m  - 
370 

368 
368 
369 
368 

368 
370 
370 
370 
870 
370 

368 
388 
368 
388 
388 
388 

308 
368 
368 
368 
308 

a68 

a m  
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68 

50 
68 
50 
68 
68 

50 
68 
50 
50 
50 

68 
m 
68 
50 
68 
50 

50 
50 
88 
50 
87 
67 

50 

U. S. COAST A N D  GEODETIC SWRVEY 

Table 32.-Dioisors for pr imary  stencil sums-Continued 
CONSTITUENT T 

87 -- 
5 0 8 8  

87 
07 
87 
07 
88 

87 
87 
87 
87 
87 

87 
87 
8R 
87 
87 
87 
87 
87 
87 
86 
86 
80 

a7 

m 

68 
67 
67 
68 
68 
69 

87 
67 
I 

68 

67 
67 
87 

68 

67 
67 
67 
68 
68 
68 

105 134 -- 
106 136 
105 134 
10s 1.34 
io6 la4 
io5 lac 
IOB 186 

106 la4 

106 1.36 
106 la4 

106 la4 
106 la4 

105 ia4 
108 iar 

106 la4 
106 w 
106 iaa 
IM iaa 
104 iaa 

106 134 
106 134 

105 134 

100 136 

108 134 

104 laa 

87 -- 
88 
87 
88 
88 
88 
88 

5 0 8 8  
88 
86 
87 

6 0 0 8  
87 

87 
87 
I 

6 8 0 6  
87 

B o 8 8  

87 
86 
86 
86 
87 
87 

183 182 
-- 

164 183 
163 182 
163 182 
163 182 

164 183 

1R3 182 
163 181 
163 182 
164 183 
183 182 
163 182 

163 182 
I63 182 
164 183 
163 182 
163 182 
163 182 

163 181 

162 181 
162 181 
162 181 
162 101 

163 loa 

lea 182 

-- 
221 250 -- 
222 251 
221 250 
221 250 
221 m 
222 261 
222 261 

221 260 
221 260 
221 260 
222 261 
221 2w 
221 2w 
221 2M) 
221 2M) 
2!23 252 
221 m 
221 248 
2#) 248 

2#) UQ 
221 260 
1#) 248 
220 24B 
2#) 248 
220 260 

Berlea 28 I- 106 iar 

107 1.36 
io8 iar 
io( 184 

106 la4 

108 184 
108 iaa 

IM la6 
108 la6 
10s lac 

io6 la4 
106 la4 
io6 la4 

-- 

106 186 
106 134 

104 134 

104 134 
106 133 
108 134 

10s 133 

106 188 
106 133 

106 183 

104 138 
IM iar 

- - 
163 - 
164 

162 
166 
164 
162 

162 
ISa 
162 

166 
162 

162 
161 
163 
163 
164 
164 

162 
162 
162 
164 
164 
163 

in2 

lea 

- 

- - 
I82 - 
184 
181 
181 
184 
183 m a  
loa 
182 
181 
182 
186 
183 

181 
180 
181 
181 
182 
184 

181 

182 
182 
182 

im im 

- 

- - 
221 - 
2 9  
221 
218 
222 
221 
221 

221 
22a 
218 m 
223 
221 

221 
221 
220 
220 
221 
22a 

221 
221 
218 
221 
221 
221 

- - 
20 - 
252 
250 
2w 
252 m 
260 

2M) 
262 
2w 
260 
2112 
248 

248 
248 
251 
248 
248 
261 

248 
248 
248 
264 
218 
248 
- 

278 287 -- 
280 288 
278 287 
278 287 
278 287 
280 288 

278 287 
278 287 
201 288 

278 287 

n8 287 
278 287 
281 288 
278 288 
278 286 
278 288 

278 287 
278 287 
278 2Qe 

ne 289 

mo m 

ne 287 

ne 287 

ne 288 

ne 287 

- - 
278 - 
280 
278 
278 
282 
278 
27R 

278 
280 
278 
278 
282 
278 

278 
278 
280 
!278 
280 
280 

ne ne 
281 
278 
277 

ns 

-- 

- - 
287 - 
288 
288 
286 
300 
288 
287 

286 
288 m 
287 

287 

286 
288 
288 
287 
7.w 

286 
286 
286 
288 
287 
286 

aoi 

an 

- 

- - 
a26 - 
880 

328 

a26 
a24 

aza 
a26 

a24 

a28 
a20 
8% 
a24 

a26 

am 
a28 
a24 

a26 
a26 

328 
326 

326 

8N 

320 

324 
327 

- 

- - 
ace - 

a72 

an8 
868 

871 
868 
a68 

a m  
a71 am 
a67 
a71 

aee aee a n  
aee 

aee 
aee 

ass 

368 

367 

371 

3AB 

370 
888 

- 
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Table 32.-Di~iaors for primary stencil sums-continued 

CONSTITUENT ~r 

287 

rn 
288 
288 
288 
288 

287 
ZQQ 
288 
288 
288 
297 

297 
287 
!2D8 
281 
288 
287 

288 
2e8 
288 
287 
286 
285 

287 

- - 
68 - 
w 
61 
57 
67 
Bo 
57 

€a 
68 
68 
67 
68 
68 

67 
67 
68 
68 
67 
67 

68 
67 
67 
Bo 
68 
€a 
- 

- - 
68 - 
68 
€a 
.M 
60 
02 
67 

65 
66 
61 
62 
€a 
66 

w 
02 
00 
65 
66 
58 

62 
68 
65 
65 
68 
62 
- 

328 -- 
328 
327 
328 
325 
320 

328 
328 
820 
328 
328 
326 

327 
328 
325 
327 
320 
326 

327 
327 
325 
328 
326 
326 

327 

- - 
87 - 

88 
88 
88 
87 
87 
80 

88 
88 
87 
87 
as 
86 

BR 
87 
88 
87 
87 
88 

88 
87 
87 
88 
87 
86 
- 

- - 
87 - 
88 
83 
88 
88 w 
86 

83 

80 

84 
86 

88 

88 
83 
88 
88 

88 
88 
82 
87 
88 
88 

m 
m 

m 

- 

221 

221 
210 
224 

223 
218 

217 
224 

224 
217 
218 

223 
223 

216 
221 

223 
221 
216 
222 
223 

- - 
105 - 
105 
107 
106 
104 
108 
106 

103 
106 
107 
104 
105 
105 

105 
104 
106 
107 
104 
103 

108 
108 
104 
106 
106 
101 
- 

2M) -- 

2 w  
262 

222m 
261 
248 

250 
262 

222x4 
262 
248 
261 

261 
251 

2222-93 
247 
260 

2 2 3 2 5 0  

260 
248 
248 
260 
250 

2 2 3 2 5 0  

I04 
107 
108 
107 
101 
107 

107 
100 

- - 
134 - 
135 
136 
134 
134 
136 
133 

133 
136 
134 
I34 
134 
134 

133 
134 
138 
134 
133 
133 

136 
134 
134 
136 
132 
131 
- 

- - 
103 - 
163 
164 
184 
163 
162 
163 

163 
163 
164 
163 
163 
102 

163 
164 
163 
164 
162 
162 

163 
164 
163 
Is( 
162 
161 
- 

- - 
182 -- 
182 
184 
183 
180 
182 
103 

183 
1S4 
181 
101 
182 

183 
181 
183 
183 
181 
180 

103 
183 
101 
183 
182 
180 

im 

- 

CONSTITUENT Y 

- - 
134 - 
135 
134 
135 
134 
135 
135 

134 
136 
134 
134 
134 
134 

1% 
134 
134 
133 
134 
133 

134 
134 
133 
134 
133 
134 - 

- - 
103 - 
166 
161 
162 
161 
167 
104 

161 
162 
101 
168 
162 
162 

161 
164 
167 
161 
162 
161 

165 
186 
161 
162 
lo0 
166 
- 

- - 
182 - 
183 
188 
180 
105 
108 
192 

188 
181 
186 
187 
1W 
1Ro 

180 
186 
184 
188 
188 
182 

186 
183 
I88 
188 
lQ3 
106 
- 

- - 
221 - 
223 
223 
221 
218 
222 
220 

220 
223 
222 
210 
221 
222 

220 
221 
222 
222 
218 
220 

m 
221 
221 
222 
ZLO 
218 
- 

- - 
260 - 
252 
262 
250 
248 
248 
260 

260 
261 
260 
248 
261 
3118 

2w 
251 
260 
250 
248 
249 

2w 
261 
260 
w) 
248 
248 
- 

27Q - 
280 
282 
280 
276 
278 
280 

278 
280 
278 
278 
278 
278 

280 
278 
278 
280 
278 
277 

280 
281 
277 
278 
278 
218 
- 

278 
278 
281 

278 
278 

278 

- - 
328 - 
321 
822 
324 
328 
329 
320 

822 
325 
328 
330 
324 
323 

320 
330 
328 
323 
323 
327 

330 
327 
32a 
322 
328 
328 - 

- - 
356 - 
356 
368 
366 
363 
333 
360 
364 
356 
368 
354 
366 
356 

360 
353 
855 
367 
354 
354 

368 
3M 
353 
368 
350 
362 
- 

- - 
365 - 
366 
351 
368 
367 
857 
354 

352 
8M 
357 
368 
361 
22.3 

366 
367 
355 
360 
355 
368 

357 
3Lx 
360 
350 
357 
350 
- 

368 
368 
368 
308 
308 
370 

388 
368 
388 
368 
368 
368 

368 
368 
808 
370 
368 
388 

368 
370 
368 
308 
988 
368 
- 

- - 
368 

368 
367 
371 
370 
370 
367 

368 
371 
370 
37 I 
366 . 
371 

370 
371 
368 
366 
371 
368 

870 
907 
386 
369 
370 
368 - 
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Table 32.-Divisors for  p r i m a r y  stencil sums-continued 

28 
__ 

30 
28 

CONSTITUENT p 

193 
192 
194 
192 
191 
193 

- - 
58 - 
59 
59 
57 
58 
58 
58 

68 
58 
68 
58 
57 
58 

58 
59 
58 
57 
59 
67 

58 
58 
57 
59 
58 
58 
- 

223 
221 
222 
222 
220 
223 

- - 
87 
- 

89 
88 
87 
87 
87 
87 

87 
87 
87 
87 
88 
87 

80 
88 
87 
88 
88 
8O 

87 
87 
8O 
87 
88 
88 
- 

252 
249 
251 
251 
249 
252 

- - 
105 - 
107 
105 
105 
108 
108 
108 

108 
104 
105 
105 
104 
105 

104 
106 

104 
106 
104 

104 
108 
104 
105 
105 
104 

iw 

- 

282 
278 
230 
280 
278 mo 

- - 
134 - 
135 
134 
134 
135 
13.5 
134 

130 
134 
135 
133 
133 
134 

133 
135 
134 
132 
135 
133 

133 
135 
132 
134 
136 
133 
- 

289 
288 
288 
288 
280 
288 

- - 
103 - 
104 
104 
I02 
165 
103 
103 

105 
103 
105 
102 
102 
103 

102 
103 
103 
102 
164 
101 

102 
164 
101 
103 
104 
102 
- 

328 
325 
320 
327 
325 
327 

12 .._.__. _._. 
1.3.. _..._____ 
14 __....._... 
15 _____..._._ 
10 _._.__.__.. 
17 _._....._.. 

28 
30 
29 
28 
30 
28 

180 
192 
193 
180 
193 
191 

210 
221 
221 
219 
222 
220 

287 
297 
299 
295 
288 
288 

328 
320 
328 
324 
327 
327 

aM) 
250 

248 
251 
249 
249 
251 
248 

279 
279 

277 
280 
277 

. 278 
281 
277 

18.. .__....__ 
19 ___....._-. 

21 ........... 
22 ._.._._._.. 
21 ...__.__.._ 

m. __._...._. 

28 
30 

30 
* 29 
28 

28 

191 
193 
180 
191 
193 
191 

220 
222 
219 
220 
222 
219 

295 
287 
285 
290 
288 
295 

325 
320 
925 
324 
328 
321 

134 

135 
135 
134 
133 
134 
134 

134 
133 

103 
-- 

104 
103 
101 
103 
103 
104 

104 
103 

192 
__- 

192 
192 
192 
101 
192 
192 

193 
192 
193 
192 
192 
192 

221 

22: m 
221 
221 
222 
220 

221 
221 
221 
220 
221 
221 

IIour 
0 ..__.....__ 
1 ..._....._. 
2 ......._.-. 
3 .._._._.._. 
4 ..__....._. 
5 ......_.._. 

0 .._____._.. 
7 

3( 
28 
29 
30 
28 
28 

30 
30 

251 
251 

250 
251 
283 

249 

-- 
27c 
280 

278 
280 
279 

n 8  

88 
88 
88 
88 
87 
87 

10: 
108 
105 
104 
108 
105 

88 
87 
88 
80 
110 
88 

80 
88 
87 
88 
87 

88 
87 
88 
86 
87 
87 

80 

105 
105 
100 
105 
104 1w 

105 
108 
108 
105 
104 

105 
105 
103 
105 
105 
1M 

105 

250 
251 
251 
249 
261 
250 

279 
279 
280 
278 
279 
279 

297 
287 

280 
207 
298 

299 

328 
3-24 

325 
328 
32a 

327 

350 
355 
355 
354 
355 
354 

355 
355 
355 
355 
355 
364 

354 
330 
354 
35s 
355 
3.55 

309 
309 
309 
369 
309 
309 

309 
309 
370 
309 
309 
389 

308 
370 
309 
389 
380 
370 

8 
9 ......_._. 

11 ... ........ 
in  _ _ _ _ _ _ _ _ _ _ _  

30 
28 

28 
a 

12 ._...._._.. 
13 _____..____ 
14 _____._. .__ 
15 ___..._..__ 
10 ......._.__ 
17 

18 ._....._._. 
19 ..._...._.. 

21. . . .~  ...... 
22 __..__ ~ _... 
21 .._....__.. 

m _______ .__ .  

28 
28 
28 
29 
28 
29 

28 
28 

28 
28 
28 

28 

192 
102 
193 
102 
192 
193 

191 
193 
191 
191 
191 
192 

220 
221 
!&X 
221 
220 
222 

220 
221 
221 
221 
221 
221 

250 
250 
250 
2% 

250 
249 

279 
278 
280 
a0 

279 
na 

207 

287 

280 m 

287 

207 

320 

320 

3% 
325 

328 

337 

134 
135 
133 
134 
136 
134 

102 
103 
ltl2 
102 
103 
103 

249 
250 
219 
250 
250 
240 

270 
279 
218 
280 
280 
n8 

m 
288 
207 
287 
207 

297 
3u1 

325 
320 
327 
325 

327 

309 
372 
307 
371 
370 
388 

371 
309 
370 
371 
960 
309 

309 
30R 
370 
307 
300 
370 

307 
309 
388 
308 
371 
307 

251 279 
251 280 
249 2i8 
252 281 
250 279 
250 278 

287 3% 
208 328 
295 324 
299 328 
297 328 
280 325 

355 
350 
353 
367 
355 
954 

3h7 
354 
956 
957 
353 
956 

355 
355 
357 
954 
355 
358 

354 
358 
354 
353 
357 
352 

I ... . 

CONSTITUENT MK 

87 105 -I- 
5% 
58 
58 
68 
58 
58 

58 
58 
h9 57 .. 

68 
59 

58 
58 

134 1 103 
.. 
69 
59 
57 
59 

58 
57 .. 
57 
68 
57 
b? 
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Table 32.-Divisors for primary stencil sums-Continued 

297 

COXE~TUENT aMK 

Hour 
0 ........... 
I ........... 
2 - . -. - - - - - - - 
3 ........... 
4. - - - - - . - - - - 
6.  - . - . -. . -. - 
6. .......... 
7 ........... 
8 ........... 
9. .......... 

10 ........... 
11 ........... 

12 ........... 
13.. ......... 
14- .......... 
16 ........... 
IO. .......... 
17 ........... 

I8 ........... 
19. .......... 
20. .......... 
21. .......... 
22. .......... 
23. .......... 

- - 
I92 - 
183 
193 
192 
183 
192 

191 
182 
192 
182 
102 
193 

102 
I91 
181 
192 
I92 
191 

192 
191 
191 
1 8: 
19:: 
191 

lea 

€iour 
0 ........... 
1 ........... 
2 ........... 
3.. ........ 
4 ........... 
6 ........... 
0. .......... 
7.. ......... 
8 ........... 
9 ........... 

10 ........... 
11 . .  ......... 
12 ........... 
13. -. . -. -. . - - 
14 ........... 
13 ........... 
16 ........... 
17. -. . -. - - -_. 
1R ........... 
18.. ......... 
20. .......... 
21 ........... 
22. _. _ _ _ _  - - - -  
23 ........... 

- - 
i 2 l  
- 

221 
221 
221 
222 
221 
222 

221 
221 
221 
222 
221 
222 

221 
221 m 
221 
222 
220 

m 
221 
2'20 
220 
221 
210 

- - 
150 - 
251 
2.50 
250 
251 
m 
261 

2M) 
W1 
m 
251 
251 
251 

248 
248 
248 
249 
2w 
249 

2M 
24s 
254 w w 
24( 
- 

- - 
i79 - 
280 
280 
279 
280 
279 
279 

278 
280 
279 
278 
279 
280 

278 
278 
279 

279 
278 

280 

279 
278 
279 
278 

n9 

278 

- 

- 
I69 - 
309 
370 
388 
309 
388 
370 

388 
370 
388 
308 
369 
370 

389 
388 
369 
388 
309 
a88 

371 
388 
369 
300 
370 
308 
- 

- - 
208 
- 

370 
370 
3n8 
370 

309 

3n9 
368 

388 
309 
308 
309 
370 

388 
388 
368 
370 
369 
388 

988 
388 
389 
309 
388 
aee 
- 

- - 
IM 
- 

320 
327 

3 m  
325 

3% 
327 
3% 
325 
328 
327 

325 
328 
3% 
328 
326 

328 
326 
320 
328 
328 
325 

a25 

327 

320 

- 
355 - 
355 
350 
355 
355 
3.55 
357 

354 
3E8 
365 
360 
355 
366 

350 
354 
365 
355 
364 
363 

3% 
354 
3M 
364 
35! 
354 

- - 
Z07 - 
298 
298 
297 
288 
287 
288 

287 
288 
288 
287 
297 
287 

290 
m8 
281 
286 
287 
296 

m 
28e 
291 
291 
281 m 

__ - 
297 - 
301 
288 
287 
288 
m 
301 

285 
288 
2R8 
285 
300 
295 

299 
294 
2Ro 
288 
291 
288 

295 
208 
280 
295 
288 
285 

- - 
68 - 

58 
60 
69 
68 
€4 58 

I 
68 sa 
67 sa 
58 

67 
57 
17 
18 
57 
67 

59 
MI 
17 sa 
58 
51 
- 

- - 
87 - 

87 
07 
87 
86 
87 
88 

88 
87 
87 
87 
89 
88 

87 
81 
8C 
81 
81 
BE 

8t 
R i  
8i 
8i 
8; 
R; 
- 

- - 
87 - 

85 
00 
84 
81 
87 
88 
90 
83 
90 
84 
89 
RQ 

84 
89 
83 
89 
86 
86 

88 
83 
89 
84 
88 
88 
- 

- - 
LO5 - 
108 
108 
108 
105 
105 
106 

104 
105 
105 

105 
108 

106 
104 
104 
105 
105 
104 

108 

104 
105 

104 

104 

105 

ino 

- 

- - 
134 
c 

134 
134 
134 
133 
134 
136 

134 
135 
134 
134 
135 
136 

134 
134 
133 
134 
131 
132 

131 
134 
131 
13: 
134 
13: - 

- - 
103 - 
164 
164 
163 
163 
164 
164 

163 
I64 
103 
164 
164 
164 

102 
102 
102 
102 
163 
102 

103 
102 
102 
103 
103 
102 
- 

-. 
Series 28 --- 

30 
28 
28 
29 
30 
29 

28 
30 
30 
28 

30 

28 
2s 
2s 
2s 
2E 
E 

2( 
0 
2( 
2( 
2( 

30 

n 

CONSTITUENT MN 
- - 
=1 - 
m 
222 
218 
2% 
217 
225 

220 
221 
224 
218 
m 
218 

222 m 
218 
225 
216 
224 

218 
m 
223 
216 
ne 
216 - 

- - 
105 - 
104 
lo0 
101 
108 
104 
100 

- - 
134 - 
134 
138 
12Q 
139 
132 
130 

130 
130 

1M 
137 
134 

132 
137 
1ZR 
137 
131 
135 

135 
131 
138 
128 
137 
133 

138 

- 

- - 
103 -- 
163 
160 
168 
108 
159 
105 

104 
160 
1 0  
1 h7 
107 
162 

162 
105 
159 
1ca 
159 
105 

103 
101 
168 
167 
107 
101 
- 

- 
loa - 
193 
194 
188 
188 
187 
185 

192 
190 
196 
187 
188 
180 

193 
193 
189 
I98 
IS7 
195 

190 
164 
195 
188 
188 
188 - 

328 28 
30 
28 

30 
28 

30 
28 
30 
20 
30 
31 

28 
30 
28 
30 
30 
28 

29 
27 
28 
28 
28 
29 

30 

50 
60 
50 254 

248 
?68 

60 
58 
57 

01 
SG 
01 
57 
00 
01 

108 
101 
100 
102 
108 
107 

252 
248 

282 
278 

281 
278 
282 

ns 
55 69 

65 

102 
107 
100 
107 
103 
104 

59 
MI 
€4 

58 
66 
19 
M) sa 
68 

326 
327 

354 
36: 
364 
3 v  
3& 
3 5  

107 
100 
108 
101 
107 
105 
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Table 32.-Divisors for pr imary  stencil sums-Continued 
CONSTITUENT M S  

series I 29 

Series 29 l- 
28 
30 
28 
30 
28 
30 

28 
30 
29 
29 
30 
28 

18 __-_______. 30 
19 .... _ _ _ _ _  _ _  29 
20 _ _ _ _ _ _ _ _ _  _. 29 

- - 
58 - 
69 
58 
58 
58 
58 
68 

58 
58 
58 
67 
69 
58 

58 
57 
59 
58 
68 
58 

58 
57 
59 
68 
58 
67 

- - 
68 
- 

57 
80 
56 
Go 
65 
80 

56 
60 
67 
69 
69 
67 

69 
57 
60 
65 
80 
€0 

60 
67 
69 
57 
58 
58 
- 

- - 
87 - 
88 
88 
87 
88 
87 
88 

88 
87 
87 
87 
88 
88 

87 
86 
87 
87 
86 
87 

80 
88 
87 
86 
86 
86 

- - 
87 
- 

87 
88 
86 
89 
84 
90 

84 
90 
85 
89 
86 
87 

87 
87 
88 
85 
89 
84 

90 
85 
89 
85 
88 
80 

- - 
106 - 
108 
108 
105 
107 
105 
105 

105 
106 
104 
104 
108 
105 

104 
105 
105 
105 
104 
108 

104 
104 
108 
105 
104 
105 

- - 
105 
- 

106 
108 
105 
107 
103 
107 

103 
108 
103 
108 
104 
100 

104 
105 
105 
103 
108 
102 

108 
102 
107 
102 
108 
103 
- 

- - 
134 
- 

136 
134 
134 
136 
134 
134 

1% 
134 
1% 
133 
136 
134 

134 
134 
136 
134 
134 
135 

133 
132 
134 
133 
133 
133 

- - 
163 - 
181 
181 
163 
166 
163 
164 

164 
162 
102 
162 
164 
163 

102 
163 
163 
163 
163 
163 

102 
162 

3; 
162 
163 
- 

- - 
192 - 
192 
192 
192 
194 
191 
192 

194 
192 
191 
192 
193 
192 

192 
193 
192 
192 
193 
193 

191 
192 
191 
190 
192 

im 

- - 
221 - 
222 
221 
222 
!a3 
221 
221 

223 
220 
220 
220 
222 
220 

221 
221 
221 
220 
222 
221 

220 
220 
222 
220 
2 m  
221 
-. 

CONBIITUENT 28M - - 
134 
- 

136 
133 
135 
135 
133 
135 

133 
I37 
133 
137 
133 
136 

132 
135 
133 
133 
134 
132 

135 
132 
136 
132 
135 
132 

- - 
163 - 
164 
163 
165 
163 
163 
163 

163 
164 
103 
165 
163 
164 

161 
164 
162 
163 
162 
162 

163 
162 
163 
162 
163 
102 

__ . 

- - 
192 
- 

192 
193 
103 
193 
191 
193 

192 
193 
193 
193 
193 
192 

191 
191 
192 
191 
192 
191 

I92 
192 
100 
192 
191 
192 

- - 
221 
- 

220 
223 
220 
223 
219 
223 

220 
223 
221 
222 

220 

221 
219 
222 
219 
222 
219 

222 
220 
220 
221 
220 m 

2 n  

- - 
250 - 
w) 
250 
w) 
252 
249 
250 

252 
w) 
249 
250 
251 
250 

250 
251 
250 
250 
251 
251 

248 
249 
290 
249 
248 
250 
- 

- - 
250 - 
250 
252 
249 
253 
247 
253 

248 
253 
249 
252 
251 
249 

249 
249 
251 
247 
252 
247 

252 
248 
250 
249 
250 
250 

. 

- - 
279 
- 

279 

281 

279 
280 

279 
280 

281 
278 
278 

279 
278 

279 
279 
278 
278 
280 
279 

278 
279 
279 

278 
280 

279 

ns 

- 

- - 
279 - 
280 
280 
279 
281 
276 
282 

277 
283 
277 
282 
279 
279 

277 
279 
279 
277 
281 
276 

282 
276 
180 
276 

278 
mo 

- 

- - 
297 - 
297 
288 
288 
288 
206 
297 

299 
288 
296 
297 
290 
288 

288 
297 
297 
288 
299 
297 

288 
297 
298 
296 
286 
287 
- 

- - 
297 
- 

299 
297 
297 
288 
284 
298 

205 
300 
295 
300 
295 
298 

295 
298 
287 
280 
298 
285 

300 
295 
298 
296 
298 
295 
.... - 

- - 
320 - 
326 
328 
327 
328 
326 
327 

328 
328 
328 

327 
328 

326 
325 
325 
327 
328 

324 
326 
326 
326 
325 
326 

3243 

328 

- 

- - 
320 
- 

329 
325 
3m 
326 
324 
326 

325 
328 
325 
328 
325 
327 

323 

325 
325 
326 
325 

328 
325 
326 
325 
327 
325 

3m 

- - 
355 - 
364 
365 
355 
356 
364 
256 

358 
354 
365 
355 
356 
354 

358 
355 
351 
355 
356 
355 

354 
356 
355 
354 
355 
356 
- 

- - 
355 - 
350 
3m 
366 
356 
353 
356 

355 
358 
355 
356 
365 
355 

353 
350 
355 
355 
355 w 
356 
355 
354 
355 
356 
355 
- 

- - 
369 - 

369 
369 
369 
370 
388 
370 

371 
a58 
369 
369 
370 
388 

370 
369 
369 
309 
371 
369 

367 
388 
369 
367 
388 
369 
- 

- - 
309 - 

309 
370 
370 
370 
367 
370 

370 
370 
370 
370 
370 
369 

307 
309 
369 
388 
309 
308 

309 
369 
367 
369 
308 
369 
- 
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Table 33.-For construction of secondary stencils 

11 _-__-- -  
12 ...-..- 
13 _ _ _ _ _ _ _  
14------- 
15 _ _ _ _ _ _ _  
16 _ _ _ _ _ _ _  
17 _ _ _ _ _ _ _  
18 _ _ _ _ _ _ _  
18 .-.-... m.....-. 
21 __-__ - -  
22.-.--.. 
23 _____._ 
24 ....... 
25 ---_--- 
28 _ _ _ _ _ _ _  
n....... 
28....... 
28 ___.___ 
30 ._-_--- 
31 _ _ _ _ _ _ _  
32 _ _ _ _ _ _ _  
33 ....... 
34 .-..... 
35.-..-.. 

36 .____.- 
37 _ _ _ _ _ _ _  
38....... 
39 -...-.. 
40....... 

41 ______. 
42 ..-.... 
43 ....... 
44 _____._ 
45 _ _ _ _ _ _ _  
46 _ _ _ _ _ _ _  
47 _ _ _ _ _ _ _  
48 ....-.. 
48 _ _ _ _ _ _ _  
bo....... 
61 ....... 
52 ....... 
(53 ..... 

atltuent J 
A. 

0-23 
3-20 
10-21 
16-22 
23 

6- 4 
12- 5 
19- 6 
1- 7 

8 

0-23 
21-14 
4-14 
10-15 
0-23 

23-21 
6-22 
12-23 
19- 0 

1 

8- 6 
I 6  7 
21- 8 
4- 9 
0-23 

17-15 
23-15 
6-16 
12-17 
0-23 

2-23 
8- 0 

16- 1 
21- 2 
0-23 

10- 8 
17- 8 
23-10 
6-11 

0-23 
19-10 
2-17 
7-14 

stituent 00 
B. I 

-I- 
hours -- I '  
- 
1lffer 
enw, 
l o w  - 
+ 3  

8 
I5 
21 
3 

10 
16 
22 
4 

10 

17 
23 
5 
11 
17 

0 
6 
12 
18 
0 

7 
13 
18 
1 
8 

14 

2 
8 
14 

21 
3 
8 
I6 
22 

4 
10 
16 
22 
5 

11 
17 
23 
5 
12 

18 
0 
R 
12 

19 
1 
7 
12 

2o 

29M 

- 
J 

hours 
- 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
1-11 
0-23 
0-23 

0-23 
0-23 
0-23 
0-21 
0-23 

6-3 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
4 - Q  
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

8- 1 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 

0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

10-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

e8 

- 
)Me1 
ma, 
lour$ - 
- 

0 
1 
2 

4 

6 

7 

B 

11 
11 
13 

13 
14 
13 
10 
17 

18 
1Q 
20 
21 

n 
23 

1 
2 

2 
3 
4 
5 
0 

7 
8 
A 
9 

10 

11 
12 
13 
14 
15 

15 
10 
17 
18 

19 

21 
21 

a 

e 
e 
a 

la 

ia 

a 

m 

- 

K and P 

- 
8 

hours 
- 
0-23 
0-23 
0-23 
0-23 
0-23 

0 - 1  
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0 - 8  
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-15 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

- 
DMei 
enw, 
h o w  

f 

_. 

0 
1 
I 
2 
2 

2 
3 
3 
4 
4 

6 
5 
6 
6 
7 

7 
8 
8 
8 
8 

9 
10 
10 
11 
11 

12 
12 
13 
13 
14 

14 
14 
16 
I5 
la 

16 
17 
17 
18 
18 

18 
19 

20 
m 
m 
21 
21 
22 
22 

23 
23 
0 
0 

8 

R and T 

- 
8 

hours 
- 
0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-15 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

f 
0 
0 
1 
1 
1 

1 
1 
2 
2 
2 

2 
3 
3 
3 
3 

4 
4 
4 
4 
4 

6 
6 
6 
6 
6 

6 
0 
6 
7 
7 

7 
7 
7 
8 
8 

8 
8 
9 
9 
8 

8 
10 
10 
10 
10 10 

11 
11 
I 1  

11 
12 
12 
12 

MB 

L 

x 
- 
L 

hour8 
- 
0-23 
0-23 
17-21 
0-23 
0-23 

0-23 
0-23 
0 -23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-24 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
8-16 

, 0 4 3  
- _ _  

- 
)Ifre& 
!nm, 
lours - 
- 
0 
0 
0 
1 
1 

1 
1 
2 
2 
2 

2 
2 
3 
3 
3 

3 
3 
4 
4 
4 

4 
4 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
7 
7 
7 
7 
7 
8 
8 
8 

8 
8 
9 
9 
9 

8 
8 

10 
10 

10 
10 
10 
11 

- 
L 

h o w  
- 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 

0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

2-21 
0-23 
0-23 
0-23 
0-23 

13-16 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 

12-20 

Dlffer- 
enm, 
hours 

- 
0 
1 
1 
1 
2 

2 
3 
3 
3 
4 

4 
5 
6 
5 
6 

0 
7 
7 
8 
8 

8 
8 
8 

10 
10 

10 
11 
11 
12 
12 

12 
13 
13 
14 
14 

14 
15 
15 
16 
16 

16 
17 
17 
18 
18 

18 
18 
18 

m 
21 
21 
21 

m 
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Table 33.-For construction of secondary stencils-Continued 
. .. 
constit 

uent 
A 

constit 
uent 

B 

. 

c_ 

Psge 

..- 

1 ...... 
2 ..... 
3 ...... 
4 ...... 
5 _ .... 
6 ...... 
7 ...... 
8 ...... 
9 ...... 

10 ...... 

11 ...... 
12 ...... 
13 ...... 
14 ..... 
15 ...... 
16 ...... 
17 ...... 
18 ...... 
19 ...... 

21 ...... 
22 ...... 
23 ...... 
24 ...... 
25 ...... 

28 ...... 
27. ..... 
28. ..... 
29 ...... 
30 ...... 

31 ...... 
32 ..... 
33 ...... 
34 ..... 
35 ..... 
36 ...... 
37 ..... 
38 ..... 
39 ..... 
40 ..... 

41 ..... 
42 ..... 
43 ..... 
44 ..... 
45 ..... 

46 ..... 
47 ..... 
48 ..... 
49 ..... 

50 ..... 
51 ..... 
52 ..... 

- m ...... 

(53) ... 

L 

MK 

L 
hours 

23-3-10 
2 0 - 8  
17- 5 
15- 3 
12- 1 

9-22 

4-17 
2-15 
23-12 

18- 7 
15- 5 
12- 2 
10- 0 

7-21 
4-19 
2-17 
23-14 
21-12 

18- 9 
15- 7 
13- 5 
10- 2 
7- 0 

5-21 
2-19 
23-16 
21-14 

15- 9 
13- 6 
10- 4 
8- 1 
5-23 

2-21 
0-18 
21-16 
18-13 
1 5 1 1  

13- 8 
10- 6 
8- 4 
5-1 
3-23 

0-20 
21-18 
19-15 
10-13 

13-10 
11- 8 
8-5 
0-23 

7-20 

20-10 

18-11 

. 
)Mer . 
!ne!, 
lours 
- 
. 
0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
10 
17 
18 
19 

21 
22 
23 
0 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
0 

1 
2 
3 
4 

m 

M 

M N  

. 
M 

iours 
. 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
5-0 
0-23 
18- 8 

0-23 
7-15 
0-23 
19-22 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
6-0 
0-23 

19- 7 
0-23 
7-1 5 
0-21 

20-22 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-zi 
0-22 
0-22 
0-2: 

0-z 
0-Z 
18-lf 
0-z 
6-2 

19-, 
0-z 
0 - 2  

. 

liffer 
ncc , 
ours 
. 
. 

1 
2 
4 
5 
7 

8 
10 
11 
13 
14 

16 
17 
19 

22 
m 

n 
1 
3 
4 
6 

7 
9 
10 
12 
13 

15 
16 
18 
10 
21 

22 
0 
1 
3 
4 

R 
8 
(i 

1 1  
12 

14 
1: 
li 
11 
2( 

21 
2: ; 

# 

( 
I 

.. 

2M K 

N 

Y 

. 

N 
lours 

20-7 
11-23 
2-14 
17- 0 
8-21 

0-13 
1 6  4 
B-ll) 
22-11 
13- 2 

4-18 
2 0 - 9  
11- 1 
2-16 
17- 2 

9-23 
0-1s 
15- 6 
0-2 I 
22-13 

13- 4 
4-20 

19-11 
11- 3 
2-18 

17-10 
8- 1 
0-16 
15- 8 
6-23 

22-15 
13- 0 
4-22 
19-13 
11- 5 

17-12 
8- 3 
0-18 
15-10 

6 - 1  

2-20 

21-17 
13- 8 
4- 0 

19-15 

2-21 
17-13 
8 - 5  

0-X 
15-12 
6 - 3  
0-Z? 

io- a 

. .- 

. 
SiRer . 
Doe, 
ours - 
+ O  

1 
2 
3 
4 

5 
6 
7 
0 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
0 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
1s 

16 
17 
18 
19 
20 

21 
21 
23 
a 
1 
2 
2 
4 
. 

N 
Lours 
. 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
2-10 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-!a 
0-23 
0-23 
0-23 

0-22 
0-23 
0-23 

0-22 
0-2: 

0-2: 
0-2: 
0-2: 
0-2: 
0-2: 

2-2( 
0-2: 
0-X 
0-2 
0-2: 

0-9 
0-Z 
0-Z 
0-2: 
0-Z 

0-2 
0-2 
0-2 
0-Z 

0-2 
0-2: 
0-2 
0-2 

. 
Mer- 
om, 
DUrS 
.. 

+ O  
1 
1 
1 
2 

2 
3 

3 
4 

4 
5 . 
5 
5 
0 

6 
7 
7 
8 
8 

8 
9 
9 
10 
10 

10 
11 
11 
12 
12 

12 
13 
13 
14 
14 

14 
1s 
15 
10 
16 

10 
17 
17 
18 
18 

10 
1u 
19 
20 

Za 
21 
21 
21 

a 

.. 

0 
IOUIS 

0-23 
0-23 
0-23 
0-23 
0-23 

7- 8 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
21- 5 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
11- 4 
0-23 

0-23 

0-2: 
0-23 
0-2? 
0-22 
0-zi 

0-2: 
0-Z 

0-2: 
1-2: 

0-Z 
0-2: 
0-X 
0-2: 

0-2 
0-2 
0-2 
0-2: 

0-23 

n-2: 

. 
Mfer 
rice, 
ours 
. 

+ O  
1 
1 
2 
2 

2 
3 
3 
4 
4 

5 
5 
6 
6 
7 

7 
8 
8 
8 
9 
9 
10 
10 
11 
11 

12 
12 
13 
13 
14 

14 
14 
15 
15 
18 

1P 
17 
11 
1E 
1€ 

1C 
1s 
2( 

2( 

2 
21 
2: 
2: 

X 
z 
I 
I 

n 

.. 

0 

2N 

. 
0 

lours 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 
0-23 
0-23 
0-27 
0-2.i 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 
0-23 
0-23 
0-23 

0-23 
0-23 

0-23 
0-23 

0-23 
0-23 
0-23 

0-23 

0-22 
0-2: 
0-Z 
0-Z 

0-Z 
0-2: 
0 - 2  
0-X 

0-23 

0-23 

...... 

. 
iRcr- 
nee, 
ours 
.. 

+ O  
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
3 

3 
3 
3 
3 

...... 
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36 ______.__.._....._ 
37 _ _ _ _  * __.__..-..-. ~ 

38.-.. _ _ _ _ _ _ _ _  .___. 
39 ....... . _ _ _ _ _  _. ... 
40 ______. _____. ~ . .  .. 
41 __.___.___--.---.. 
42 _______.____.._... 
43 ._______________.. 
44 .... _ _ _ _ _ _ _ _  ____. . 
45 _ _ _ _ _ _  __. . ._. ___. . 

40 ______._________.. 
47 ____. 
48 .-.........-..--.- 
49 ._____..__ ~ .._--._ 

_. __. ~ .-__. . 

301 

12- a 
0- 4 
0-23 
0-17 

12-21 

1 
13-10 
1-14 

13-16 
0-23 

13- 7 
2-1 I 

14-15 
2- 0 

Table 33.-FOr construction of secondary stench-Continued 

Oonstltuent A... .. 

Conatltueat B..... 
_. 

Diffei 
enw, 
hour! - 
- 

I 
1: 
II 
z 

1( 
I! : 
1: 
11 
2: 

4 

c 
I t  
2( 

1 
1 

1; 
l i  
25 

4 
(i 

14 
l U  
1 

11 

17 
22 
3 
8 

14 

19 
0 
6 

11 
10 

21 
3 
R 

13 
10 

0 
5 

10 
10 

21 
2 
8 

12 

a 

0 
hours 
- 
0-2 
6- j 

1R-1. 
7-2: 

19- I 

7-1E 
le- i 
7-13 

19 -22 
6 

0-22 
8- 

8- 1 
20-1c 

9-2(1 
21- 6 
9-15 

21- I 
0-11 

10- 9 
22-17 
10- 3 
22-13 

10-22 
E- 8 
10-18 
23- 3 
11-13 

23 
0-23 

11- 5 
0-15 

12- 1 
0.10 

0 - G  
12-15 

1 
0-23 
1-22 

13- 8 
1-17 

13- 3 
2-13 

14-22 
2- 8 

14-19 
2- 3 
0-21 
4.23 

20-1, 

0-21 

23-20 

12-20 

Dlffoi 
ence 
hour. 

- 
1 
2 

I 
1 
2, 
I 

11 
2! 

I( 
11 

2: 

1( 
If 
2: 

11 
l i  5 

7 
I 1  
l i  

11 

11 
G 

11 

0 
6 

12  
18 
0 

0 
13 
19 
1 
7 

13 
19 
1 
7 

8 
10 
2 
7 

m 
ia 

-- 

0 

0 
houri 

IS-?! 
0- I 

18- ( 
7-l! 

19- , 

7-11 
19-21 
7-11 

19- L 

8-I! 

20- ( 
8-I( 

2[ 
8-1E 

20- 4 

9-14 
21-z 

6 
21- 7 
0-17 

21- 3 
10-12 

21 
10-21 
22- 0 

E- 2 
10-1 1 
23-10 
11-19 

21- 5 
11-15 

11-23 
0- 9 

12-18 
0 - 4  

12-14 

12-22 

I- 7 
13-17 

1- 3 
13 

1-1 I 

13-21 
7- 6 

14-16 

io-io 

23- n 

0-12 

9 

14- n 
2-10 

14-2!' 
4 

__ 

Dillor 
ewe, 
hour5 

- 
17 
( 

16 
E 

18 
(i 

18 
7 

18 

7 
19 
7 

M 
R 

m 
8 

20 
9 

21 

9 
21 
9 

22 
10 

22 
10 
22 
11 
23 

11 
23 
11 

12 

0 
12 
0 

13 
1 

13 
1 

13 
1 

14 

2 
14 
2 

14 

3 
15 
3 

13 

n 

__ 

2Q - 
0 

hour! 

23-1 
9-2 
7-r 

17- 3 

2-1, 

12- ( 
22-11 
20-( 
6-I! 

10- a 

1-1: 
11-2: 
21- 
19- # 

5-1; 

1.5- : 
0-1: 

10-2: 
8 - 2  

18- ( 

4-If 
13- 1 
23-1 1 
22- s 
7-16 

17- t 
3-14 

12- c 
11-25 

6-18 
IO- 4 
1-13 

10-21 

19- 7 
5-17 

15- 2 
13-23 
23-11 

R-20 
18- 6 
4-16 

14- 1 
12- 0 

22- 9 
7-19 

17- 5 
3-15 

1-17 
11-23 
21- H 
5-10 

m- a 

0-10 

- 
Dlffor 
enco, 
hotin - 
- 

( 

'I 
'I 

1; 
x 

E x 
8 

2c 
6 

21 
8 

21 
9 

21 
10 
22 

10 
22 

23 
11 

23 
11 
23 
12 
0 

12 
0 

12 
1 

13 

1 
13 
1 

14 
2 

I 4  
2 

14 
2 

15 

3 
15 a 
15 

4 
10 
4 

1 1  

i n  

0 
hours - 
12-17 
21- 6 

6 

1- 6 
11-18 

4- 7 

14-10 
0- 7 
9-19 

18-19 

3- 8 
13-20 
23- 8 

7- 8 

17-20 
2- 9 

12-21 

20-21 

0- 9 
18-21 
1- 9 

9-10 

19-22 
6-10 

14-22 

22-23 

8-1 1 
18-23 
3-11 

_-_--. 

16-18 

_._.__ 
~--... 

.__._. 

___._. 

.____. 

..--. 

21- 0 
7-12 

17- 0 
2-12 

10-12 
20.- I 
6-13 

16- 1 

...... 

...... 
n- 1 
0-13 

1;- 3 

Dlffor- 
oncr. 
hours 

4 
18 

4 
10 

17 
5 

15 

.._... 
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Constltuent dlvislon 

U. S. COAST AND GEODETIC SURVEY 

Days of soda 

0 _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
1 .................................... 
2 ............................... _ _ _ _ _  
3.... ................................ 
4.. .................................. 
5 .................................... 
6 .................................... 
7 .................................... 
8 .................................... 
9 .................................... 

10 .................................... 
11 .................................... 
12 .................................... 
13 .................................... 
I4 .................................... 
15.. .................................. 
16 .................................... 
17 .................................... 
19.. .................................. 
18 .................................... 

20 .................................... 
22 .................................... 
21 .................................... 

23.. .................................. 

1 28 K5 82' 110 137 164' 192 219 240 274 301 328 356 
2 29 60 R4 111 138 106 193 22rJ 248' 275 302 330' 357 
3 30 57. 85 112 139 107 194 221 249 270 303 331 3 1  
4 31 59 88 113 141. 164 195 223. 250 277 304' 332 359 
5 32 80 87 114 142 109 196 224 251 278 306 333 380 

0 34. 01 88 115. 143 170 197. 225 252 279 307 334 301 
7 35 62 89 117 144 171 1QO 226 253 281' 308 335 303' 
8' 30 03 90' 118 145 172 200 227 254 282 308 336 364 

10 37 64 92 119 140 174. 201 228 258. 283 310 337' 305 
11 38 05 93 120 147 175 202 229 257 284 311 339 388 

12 38 07. 94 121 149' 170 203 230' 2% !B5 312. 340 387 
13 40 08 95 122 150 177 M.l 232 259 288 314 341 308 
14 42' 09 9E 123. 161 178 205. 233 200 287 315 342 309 
15 43 70 97 125 1.52 179 207 231 201 289. 310 343 .... 
IO* 44 71 98 126 153 180 208 235 282 280 317 344 .... 
18 45 72 100' I27 164 182. 209 230 203. 291 318 345. .... 
19 40 73 101 128 155 183 210 237 2115 202 319 347 .... 
20 47 75' 102 129 150' 184 211 238' 288 203 320 348 .... 
22 49' 77 104 131' 159 186 213 241 208 205 323 350 .... 
21 a 70 io3 130 1% 185 212 240 207 294 322. 349 .... 

23 51 78 105 133 ]eo 187 215. 212 209 207. 324 351 .... 

20. 53 80 ~ O R *  135 I O ~  189. 217 244 271. rn 320 353 .... 
27 64 81 108 130 163 191 218 245 273 300 327 355' .... 
24 52 79 1W 134 101 188.- 210 243 270 208 325 352 .... 

AWONHENT OF DAILY SUMS FOR CONSTITCENT hl8f 

0 ........................................ 

2 ........................................ 
3 ........................................ 
4 ........................................ 

5 ........................................ 
0 ....................................... 
7 ........................................ 
8 ........................................ 
9 ........................................ 
IO.. ...................................... 
11.. ...................................... 
12 ........................................ 
13 ........................................ 
14 ........................................ 

IS ....................................... 
I n  ....................................... 
17 ....................................... 
18 ....................................... 
19 ....................................... 
a,.. ..................................... 
21 ........................................ 

23 ........................................ 

I . .  ..................................... 

........................................ 

Constltuent divlslon Dnys of scrles I _- 
I- 

-~ -- 
1 30 80. 89 119 14R I78 207 237 208 288 32s 355 

3 3.7' 02 92. 121 151 180 210 239 289 288 328 357 
4 34 63 93 122 152 181' 211 210. 270 300. 329 359. 
5' 35 05' 94 124. 153 183 212 242 271 301 330 300 

7 30 08 95 125 154 184 213' 223 272. 302 332' 301 
8 37. 07 80' 120 150. 185 21K 244 274 303 333 302. 
9 39 08 98 127 157 180 216 245 215 304' 334 361 

10 40 09. QO 128' 158 188. 217 217' 270 300 335 305 
12. 41 71 100 130 159 189 218 248 277 307 330. 309 

13 42 72 101. 131 180. 190 220. 249 279. 305 334 307 
14 440 73 103 132 I R Z  181 ni w) 2w) 308 339 368' 
15 45 74 101 133. I03 102. 22'2 252' 281 311' 340 .... 
17' 40 70' 105 135 IO$ 194 223 253 282 312 311 .... 
18 47 77 100 130 105' 195 224' 254 28%. 313 343. .... 
19 49. 78 108. 137 107 180 220 255 285 314 344 .... 
20 50 79 109 138 108 197' 227 2.W 288 310' 345 .... 
21' 51 80' 110 140' 109 188 228 259 287 317 340 .... 
23 52 82 111 141 170 200 220 259 318 348. .... 
2 i  53' 83 112. 112 172' 201 231' ux) 280 319 349 .... 
25 55 84 114 143 173 202 232 MI 201 320. 350 .... 
20 50 8.5. 115 144' 174 %I* 233 2fW 202 322 351 .... 
23. 57 87 110 140 175 205 231 M4 283 323 352. .... 
29 ,W 88 117' 147 170. 200 230. 205 205' 324 354 .... 

2 31 01 no 1x1 149. 179 203. ma 288. 287 327. 358 
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Comtltuent dlvlslon Days of serlea 

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _  
1 _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2 _ _ _ _ _ _ _ _ _  ~ ____________.___ _ _ _ _ _  _ _ _ _ _  
3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _  
4.. __.__________ _ _ _ _ _  ._____.___ _ _ _ _ _ _  
6 __.____ ~ .___.____ ~ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  ~ 

6 ______._____________.__ ~ _ _ _ _ _ _ _ _  _ _ _ _  
7 _____..-..__.-_ ~ _-__.--__ ~ -_.._-__ _ _  
8 ____._.____ _ _  ______._______ ~ ____.___ 
9.. ____.___ ~ _________.__.__________._ 

10 _______-________.-.___ ~ __-.__.--____ 
11 _ _ _ _  ~ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  .-.-__ _ _  
12 _ _ _ _  _________.__ ____._ ~ _ _ _ _ _ _ _ _  _ _ _ _ _  
13 ____._____ ~ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  __.. ~ _ _ _ _  
14.-.-. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  ______._ _ _ _ _ _  
16 _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  ~ _______._.__ ~ 

16 _ _ _ _ _ _ _ _ _ _  _ _ _ _  ______._.___.__..__ _ _ _  
17 ____________. ~ _ _ _ _ _ _ _ _ _  ~ .___._. ~ _ _ _ _  
18 _ _ _ _ _ _ _  _.___ .______ ~ __._.___. ~ ._____ 
19 .-.... ______. ~ __._______.__. ~ .__. _ _ _  
20. _____________.____________ _ _ _ _ _ _ _ _ _  
22 .________ ~ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _  
23 _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ - _ _ _ _ _  
21 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ^ _  __.___ ____.___ 

ABSIONMENT OP DAILY BUYB rOR CONSTlTUENT sa 

1 28 68 83 111 138 166 193 221 249. 276 304 331 359 
2 29 67 64 112 189' 167 195' 222 2.50 277 SOJ 332 aB0 
3 30 68 85. 113 141 168 196 !&?3 251 278 308 333. 361 
4 32' 6Q 87 114 142 189 197 224 252 280. 307 335 362 
6 33 Bo 88 116 143 170.196 2'28.253 281 308 936 363 

6 34 61 88 116' 144 172 188 2n 254 282 309 337 364' 
7 36 63' 90 118 145 173 Mo 228 255 283 311' 338 366 
9. 36 64 91 119 146 174 201. 228 257. 284 312 339 367 
10 37 66 92 120 147' 176 203 230 266 286 313 340 868 
11 38 66 94. 121 149 178 20( 231 269 288 314 342' 369 
12 40. 67 95 122 150 177 205 232. 280 288. 316 343 _ _ _  
13 41 68 96 123 161 178. #)B 234 281 289 316 344 _ _ _  
14 42 69 97 1%' 162 180 207 235 282 290 317 345 
16. 43 71. 88 128 163 181 2oR 236 283. 291 310. 346 _ _ _  
17 44 72 99 127 164 182 #)8* 237 285 292 320 347 _ _ _  
18 45 73 100 128 156' 183 211 2 3  266 293 321 348 _ _ _  
19 46. 74 102' 128 157 184 212 239 237 2Ba' 322 3.54' _ _ _  
20 48 75 103 130 168 185 213 240' 288 296 323 351 _ _ _  
21 49 76 104 131 169 187. 214 242 289 297 324 352 _ _ _  
22 50 77' 105 133' 160 188 215 243 270 298 325' 363 _ _ _  
23. 61 79 106 134 161 189 216 244 271. 299 327 364 _ _ _  
2(1 E 3  81 108. 136 164. 191 219 246 274 301 328 356' _ _ _  
27 64. 82 110 137 165 192 220 247 276 302' 330 358 _ _ _  
25 62 80 io7 135 162 180 218. 245 273 300 328 3 a  _ _ _  

Days of Constltuent dlvislon Constltuent dlvlslon 
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Constituent 

U. S. COAST AND GEODETIC SURVEY 

Time meridian in hours-Si15 
-- 

1.000 I 2.000 I 3.000 I 4.000 -CHI 1 6.ooo I 6.600 
- -___ 

Table 35.-Products ( a  &) for Form 444 

Products, in degrees 

MY.. _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  
S I . .  . . . . -. . . . . -. - - - - - 

KI ... . . .-. . . _ _  _ _ _ _ _ _ _  
Md.. ____. _ _ _ _  __.__ .. 
01 ... . . . . . _ _  - _ _  _ _  - - -. 
Ms __..______..._. ~ . .  
(MK), ___. ~ _ _ _ _ _ _ _ _  
64. . . . . -. . . . .. . .-. . . . 
(MN)d. - _ _ _ _ _ _ _ _ _ _ _ _  

28.9e 
30. OC 
28.44 

15.04 
57.97 
13.84 

86. 95 
44.03 
60. (10 
57.42 

28.51 
80. 00 
27.97 
27.80 

16.14 
28.46 
15.00 
14.50 

15.59 
0.64 
0.08 

0.04 
1.02 
1.10 

13.47 

13.40 

30.04 
12.85 

14.88 
31.02 
43.48 
20. E3 

42.93 
30.08 

115.94 
.W. 98 

m. m 

57.97 
Ro. 00 
66.98 

30.08 
115.94 
27.89 

173.90 
88.05 

120.00 
114.85 

57.03 
180.00 
65.94 
55.79 

32.28 
58.91 
30.00 
28.88 

31.17 
1. OB 
0.16 

0.08 
2.03 

28.94 

28.80 
59.92 
80.08 
25.71 

29.92 
62.03 
80.95 
59.06 

85.85 
60.10 

231.87 
117.97 

2. 20 

80. 95 
90.00 
85.32 

45.12 
173.80 
41.83 

260.86 
132.08 
180.00 
172.27 

85. 64 no. 00 
83.80 
83.69 

48.42 
88.37 
45.00 
43.49 

46.76 
1.63 
0.25 

0.12 
3.05 
3.28 

40.41 

40.20 
89. 88 
80.12 
38.56 

44.88 
93.05 

130.43 
88.59 

128.78 
80.25 

347.81 
176.95 
- 

115.94 
120. w 
113.76 

80.16 
231.87 
55.77 

347.81 
176.10 
240.00 
228.70 

114.05 
0.00 

111.87 
111.58 

84.66 
117.82 
60.00 
57.99 

62.34 
2. 18 
0.33 

0. 16 
4.06 
4.39 

53.80 

63.59 
119.84 
120.16 
51.42 

59.84 
124.06 
173. Bo 
118.11 

171.71 
120.33 
103.75 
235.94 
- 

144.92 
150.00 
142.20 

75.21 
289.84 
69.72 

74.76 
2'20.13 
300.00 
287.12 

142.56 
90.00 

139.84 
139.48 

80. 70 
147.28 
75.00 
72.48 

77.03 
2.72 
0.41 

0.21 
5.08 
5.49 

07.36 

00.99 
149.79 
1m. 21 

74.80 
155.08 
217.38 
147.04 

214.64 
150.41 
219. ga 
294.92 

84. n 

159.41 
165.00 
160.42 

82.73 
318.83 
76.69 

118.24 
242.14 
330.00 
315.83 

15G.82 
135.00 
153.83 
153.42 

88.77 
162.01 
82.50 
79.73 

85.72 
2.99 
0.45 

0.23 
5.69 
6.04 

74.08 

73.69 
164.77 
165.23 
70.70 

82.21 
170.59 
239.12 
162.41 

230. 10 
165.45 
277.65 
324.41 

173. 90 
180.00 
170.64 

90.25 
347.81 
83. ffi 

161.71 
264.15 

0.00 
344.54 

171.08 
180.00 
167.81 
167.37 

96.83 
170.73 
80.00 
80. 98 

93.51 
3.27 
0.49 

0.25 
0. 10 
0.59 

80.83 

80.39 
179.75 
180.25 
77.13 

89.75 
186.10 
280.86 
177.17 

257.66 
180.49 
335.62 
353.80 

188.40 
195.00 
184.88 

97.77 
16.79 
90.03 

286.16 
30.00 
13.25 

185.33 
225.00 
181.79 
181.32 

104. 80 
191.46 
97 50 

101.31 
3.54 
0. 63 

0.27 
6. 60 
7.14 

87.56 

87.08 
194.73 
195.27 
83 65 

97.23 
201.80 
282.80 
101.94 

279.03 
195.53 
33.59 
23.40 

205.19 

94. 23 
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Constituent 
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TIme meridian In hours-S-t-15 -_-- 
7.000 I 8.ooo I 9.OOo I 1o.Ooo I 10.500 I 1~.ooo I 11.500 I 12.OOo 

- 
M I  _ _ _ _ _ _ _ _  ~ ___.__... 
62 .___ _ _ _  _ _ _ _ _  ~ ._.__ ~ 

h’l_____ ~ _ _ _  ._ _ _  - _  --.. 
KI.. _ _ _ _ _ _ _ _ _  .__ _.... 
M, _______.__._..._.. 
01.. _ _ _ _  ~ _....-.-- ~.. 
Ma.. . -. . __. . . . . -. . . . 
( M K ) i - - - -  ____.__... 
s4 
(M” _ _ _ - _ _ - -  ----.. 

”1. ___________.__ ~ ..._ 
Ss. _ _  -. - _ _ _ _  _. .-. . -. 
CY .____ ~ ._____.-._ .-.. 
(2N)r ____.___________ 

( O O ) ( _ _ _ _ - .  _. .. .-.-. 
XY .___________.___..__ 
SI _____.__________.._ 
111.. ... .._ .__. . __. .- 

Ji _________.___.._..._ 
M m  _.__.____..__..._ 
6s ______._._..._.... 

202.88 
210.00 
199.08 

105.29 
45.78 
97.60 

248.07 
308.18 
80.00 
41.97 

189.50 
270.00 
195.78 
195.27 

112.97 
208.19 
105.00 
101.48 

109.10 
3.81 
0.57 

Sa ..__________..___._ 
MSf ... . -. . _..._ ~ __._ 
MI.. ._. .__________._ 
pi .___.__.._.______.._ 

C$ _____._..__..__ ..._ 

I<$ ... __. _.. ._. . . . . . .. 
y _..__._..__.__...__ 

( 2 ~ ) ~ .  . . __. - ... ... . . . 

0.28 
7.11 
7.W 

84.30 

83.70 
2W.71 
210.20 
m.9a 

231.87 
240.00 
227.52 

120.33 
103.75 
111.54 

335.02 
352.20 
120.00 
99.39 

2%. 10 
0.00 

223.75 
223.16 

129.11 
235.85 
120.00 
115.97 

124.88 
4.35 
0. ea 
0.33 
8.13 
8.78 

107.77 

107.19 
238.07 
240.33 
102.83 

119.67 
F48.13 
547.81 
230.23 

343.42 
240.66 

111.87 
207.40 

- 

PI.  . . . . .. __.._..... 
( 2 S M ) z  ..__._ .._...._ 
Ma __..__._.__.____.. 
L~ ___._..........._.. 

(?MK)a.. .__.___ ._._ 
I\* ___._....._.... .-.. 
.Ma ______. ~ _..-....._ 
(hlS)4 ___.._....__.. ~ 

260.80 
270.00 
255.90 

135.37 
101.71 
125.49 

02.67 
30.23 

180.00 
1rn.81 

258.61 
90.00 

251.71 
251.06 

145.25 
265.10 
135.00 
130.47 

140.27 

0.74 

0.37 
9.14 
9.88 

121.24 

120.59 
2F,u.03 
270.37 
115.W 

134.03 
279.14 
31.28 

285.70 

20.34 
270.74 
323.43 
170.80 

4. m 

104.71 
217.11 
304.33 
200.70 

300.40 
210.57 
91.55 
52.8Q 

Products in degrees 

289. E4 
300.00 
284.40 

1hO.41 
219.68 
139.43 

149.52 
80.25 

240.00 
214.24 

285. IS 
180.00 

278.95 

101.38 
294. SG 
lbo. 00 
144.97 

155.85 
5.44 
0.82 

0.41 
10.16 
10.98 

134.72 

133.99 
299.59 
300.41 
1211.54 

149.59 
310. 10 
74.70 

285.28 

09.27 
300.82 
78.30 

228.84 

ne. I 

304.33 
315.00 
288.82 

157.93 
248.67 
146.40 

193.00 
102 x 
no. 00 
242.95 

299.38 
225.00 
293.67 
282.80 

109.46 

157.50 
152.22 

183.65 
5.72 
0.86 

0.43 
10.67 
11.53 

141.45 

140.00 
314.57 
315.43 
134.97 

157.07 
325.07 
80. 50 

310.05 

80.73 
315.80 
137.33 
259.33 

309. m 

318.83 
330.00 
312.84 

165 45 
277.85 
153.37 

236.48 
124.28 
300.00 
271.66 

313. M 
‘mJ.00 
307.85 
306.86 

177.63 
324.01 
185.00 
159.40 

171.44 
5.88 
0.90 

0.46 
11.17 

148.18 

147.39 
329.55 
330.45 
141.40 

104.55 
341.17 
118.24 
324.81 

112.E 
330. W 
288.83 

12. oa 

i95.3o 

- 

333.32 
345.00 
327.06 

172.97 
300.83 
1w). 34 

279. 95 
140.28 
330.00 
300. a7 

315.00 
321.83 
320.80 

185.60 
338.74 
172. 50 
160.71 

179.23 
6.25 
0.64 

0.47 
11.88 
12.03 

164.92 

1M. 08 
344.53 
345.47 
147.82 

172.03 
356.08 
139.98 
339.58 

133.00 
345.94 
253.27 
318.32 

327.89 

- 

- 
347. ai 

0.00 
341.28 

180.49 
335.62 
107.32 

323.43 
188.30 

0.00 
328.09 

342.15 
0. 00 

335.02 
s34.74 

193.07 
353.47 
180. 00 
173.96 

187.03 
6.63 

, 0.99 

0.49 
12.19 
13.18 

161.66 

loo. 78 
359.51 

0.49 
154.25 

179.51 
12.10 

161.71 
354.34 

155.13 
0. La 

311.24 
348.~41 
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Table 36.-Anale differences for Form 445 

MY. .____ ._ _ _ _ _ _ _ _ _ _  
81 ._.__...... _ _  _..__ 
Nr. _____. ~. - _ _ _  __. 

-I-324.2 

+ne 
0 

-- 
-35.8 

0 
-81 

-329 
-72 
-66 

-107 
-5 

0 
-117 

-27 
0 

-72 
-128 

-233 
-45 

0 
-18 

-284 
-316 
-288 

-329 
-324 
-263 
-57 

-111 - 31 
-329 
-156 

-31 
-324 
-54 

-351 

-102 
-299 
-143 
-36 

t329 

t167 

4-48 
+lo6 

0 
t 2 3 O  

t317 
0 

t274 
+49 

t2 i4  

Fob. 1, Ob, to Dec. 31, 24h I Jan. 1, Ob, to Doc. 31, 24s 

-31 

-193 

-311 
-254 

0 
-130 

-43 
0 

-86 
-311 

-86 

Common year 

0 1 0  

-24 

0 
-182 

-79 
0 

-135 
-1 

-na 

t13G.6 -223.4 

+: I-2$ 
4-302 -58 

0 0 
+I13 -U7 

+280 -70 
0 0 

+202 -158 

+io1 -259 

+m 1-77 

e123 
4-31 
t329 
+80 

4-131 - Z 9  
t316 -44 

t24: 1-11; 

-237 
-329 
-31 

-280 

+I2 
+44 
4-289 

+31 
t223 
+25 
t l 6 0  

t329 
4-223 
4-162 
t348 

-329 
-137 
-335 
-180 

-348 
-316 
-61 

-31 
-137 
-188 
-12 

t304 
t299 
t l 8 6  
e137 

-66 
-GI 

-174 -m 

- 
t l l 2 .  2 

0 
4-56 

t330 
i-225 
4-142 

4-336 
+82 

0 
t 168 

t281  
0 

t225 
4-359 

4-159 
4-303 

0 
f236 

4-27 
+57 
tm 
t330 
4-248 
4-188 
4-311 

+85 
+30 
t330 
+28 

+30 
4-248 
t348 
+I69 

4-254 
t300 
+89 

t l l 2  

0 0 0 

-201 -57 /i" +258 1-88 -102 

0 0 
-124 +230 -130 

-30 0 

-330 0 

-29 
-191 +I89 -171 

-108 +202 -158 

-248 +IO1 -259 
---Y I +4! 

Leap year - 
4-76.4 

0 
t335 

+I 
t153 
4-76 

t228 
+77 

0 
4-61 

t254 
0 

t153 
t233 

t2ae  
t-258 

0 
tZl8  

t l 0 2  

+1 
t284 tm 
4-254 

4-334 
t259 

+1 
t232 

t359 
t 2 a 4  
t2D4 
4-178 

t152 
+1 

t306 
+76 

4-103 

1 

- 
-283.0 

0 
-25 

-359 

-284 

-131 
-283 

0 
-300 

-108 
0 

-207 
-127 

-74 
-102 

0 
-142 

-%7 
-2s 
-359 

-369 
-76 
-75 

-106 

-26 
-1 

-359 
-128 

-1 
-76 
-66 

-182 

-'&I8 
-350 
-54 
-284 

-207 
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Table 37.-lJ. S .  Coast and Geodetic Survey tide-predicting machine No. 2 
GENERAL GEARS AND CONNECTING SHAFTS 

0-24 _ _ _ _ _ _ _ _ _ _ _ _  
0-25.. . _ _ _ _ _ _ _ _ _  
0-20. ~. . _ _ _ _  _ _ _ _  

Clears and Shafts/ "t? 
dlamotor 

0.25 
0.25 
0.25 

Inches 
0.56 

0-1 __...._._.___ 0.66 
0-2 .._._..___ __. 0.w 
0-3 . ____________  0.50 
6-2 .___.-.-.._-.. 0.50 

0-20 ________. _ _ _  
8-13 _____._._..-. 
0-30 ________.._. 
0-31. -. . . .__. ~ .. 
0-32 ___.___..... 

6-14 ... ._ _______. 
0-33.  _ _ _ _  ~ ._____ 
0-34 ________._.. 
9-15 ___________.. 

0.41 
0.41 
0.60 
0.38 
0.38 

0.38 
0.38 
0.m 
0.38 
0. 27 

0. 27 
0.38 
0. 17 
0.17 
0. 15 

0.17 
0.17 
0.16 
0. 17 
0. 17 
0. 16 
0. 17 
0. 17 
0.15 
0.17 

0.17 
0.15 

0.41 
0.44 
0.3 
0.38 
0.38 

0.38 
0.28 
0.28 
0.50 

0-27. -. ______. _ _  0.25 
0- 28.... ..._____ 0.41 

0-35 __________.. 0.28 
0 -38  ____.___.___ 1 0.78 
S-1G .____.____ _ _ _ I  0.38 

40 

Go 

40 
72 

72 

110 
110 
110 

76 
7.5 

ra 

- - - -. . . - 

- - - - -. - . 

48 
48 

48 
48 

48 
48 

48 

48 

_ _ _ _ _ _  

- _ _ _ _ _  

. - . . - - . 

. - . . . . . 

. . . -. - . 

40 
4a 
40 

40 
24 

21 

3c 
30 
3c 

3c 
3c 

3c 
3c 

. - -. . . 

. - - - -. - 

._-__._ 

Poriod 
of 

rotation 
__-- 

Dial 
hour8 

4 
4 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
12 
12 

12 
12 
12 
24 
24 

24 
24 
24 
12 
4 

4 
4 
1 
1 

12 

24 
24 
24 

24x380 
24x368 

12 
._._ ...__ 

12 
12 

12 
12 
12 
12 
12 

12 
11 
12 
12 

11 
11 
11 

Remarks 

Bevel e a r  on shaft 2. 
novel irn; on Shaft 3. 
Diagorinl shaft connecting with middle section. 
Bevel grar on shaft 3. 
nevel gear on shnft 4. 

Short vertical shaft through desk top. 
Bevel grnr on shnft 4. 
I3ovel gear on slinlt 5. 
Short horizoutnl slinft. 
Bevel gear on shnft 5. 

nCvci mar on shaft G. 
Mnln Gerticnl shaft of dinl cnsr. 
Rclensnble bevel gear on shaft 0. 
Bovcl gcnr on shalt 7. 
Intermediate shalt to hour hand. 

Bovel genr on shnft 7. 
Bevel mar on shaft 8. 
Hour-gaud stinft. 
llelensnblc bevel Rear on shaft 0. 
Hcvel genr on shaft 8. 

Intcrmcdinto shnft to minuta hand. 
Hovel genr on shaft 8. 
Bcvel genr on shaft 10. 
M inute-hand shaft. 
Rele~ssblo bevel gear on shnft 6. 

nevel goer on shaft 11. 
Intenuedinte shnft to dav dial. 
Worm screw 0.58 inch diamrter, 18 threads to 

Worm whecl, 0.47 inch diametcr, on shaft 12. 
Day dinl shaft. 

Spur genr at top of shnft 0. 
Spur-stud gear. 
Spur-stud ear connected with gem 25 by 

rntchet w!ecl nnd pnwl. 
Spur gear a t  lower end of feeding roller. 
Dove1 gear on shnft 3. 

Bcvel genr on shalt 13. 
Mnin vertlcnl shaft of middle section. 
Spur gcnr on shnft 13. 
Spur stud gortr. 
Spur stud gear on slinft 14. 

Front vertical shaft of rcnr section. 
n e v d  gear on shaft 14. 
novel gear on shaft 15. 
Mnin connecting horizontal shnft of rear sec- 

inch on shift 11. 

tlnn 
GGi'gi'renr on shaft 15. 
Bovel gear on shnft 10. 
Renr vertical shnft of roar section. 
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Table 38.-U. S .  Coast and Geodetic Survey tide-predicting machine No.  2 

CONSTITUENT GEARS AND MAXIMUM AMPLITUDE SETTINGS 

Consclc- 
uents 

Theoretical ,,,","r& 

JI .... . . ..-- 
KI .... . ._._ 
K t  ...__..__ 
L ....__-_ 
'MI.. .. .-. 

M 1 .  ...__.. 
M,. . . . . ~ .  . 
MI.. . . ___. 
Ma ..._.___ 
Ms ... _ _ _ _  

15.5854433 
15.04IO680 
30,0521372 
20.528478R 
14.40M52l 

2R.0841042 
43.4761563 
57.0682084 
86 05231% 

115.0364168 

N? ...__._._ 
2~ ._._.___ 
01 ......... 
00 ._ ._____ 
PI.. . .... .. 

91 . . .... 
2Q ......... 
It1 
SI 
Sz ___..____ 

- S I  

m.4307296 
n.80ss3M8 
13.043&356 
10. 1301016 
14.0580314 

13.3086uw) 
12,8542802 
30.041oB67 
15.0000000 
30.0000000 

60.0000000 

Vertlcnl 
shafts 

I 

So ......... 
'I't . .. . ._.. 
X? ......._._ 
p: 

" 1 . .  . ..... 

.. . -. _. . 

pi ... . _ _ _  
h.1 I< . . . . . 
2 M K  . _ _ _ _ _  
MN ... __._ 

107 
61 

122 
104 
103 

103 
'46 

118 
140 
118 

65 
F 8  
02 

134 
01 

R4 
127 
85 
fd 
70 

75 
00 
81 

131 
125 

80 
GO 

120 
81 

135 

1 I8 
GO 
84 

140 

03 
51 
51 

90.0000000 
29.0580333 
20.4550254 
27.9682084 

28.5125830 
13.4715144 
44,0251728 
42.OZ71308 
57.4238338 

Teeth in gear wheels 

ntermedlato shafts 

MS ._..__. 
2SM ...._.. 
M I . .  . . _ _  ._ 
MSI.. _ _ _ _ _  
Mm ~ 

Ssa.. . .. . .. 
sq..- .-. ... 

00 
73 
80 
61 
85 

74 
62 
74 
62 
37 

40 
58 
80 

131 
73 

88 
1 I 4  
fro 
75 
70 

45 
48 
ho 
05 
82 

A0 
70 
81 
52 
42 

01 
47 
45 
80 

41 
140 
125 
140 

N1.0841042 
31.0118058 

1.08803:W 
1.0158958 

0.5443747 

0.0821372 
0.04iorfi~ 

111 

52 
61 
06 
56 
50 

50 
70 

103 
86 

103 

53 
46 
58 
71 
w 
51 
50 
43 
w 
70 

60 
80 
45 
57 
74 

70 
41 

70 
53 

02 
50 

1 
1 

1 
1 
tm 

1 

in5 

.- 

Crank 
shafts 

IV 
-- 

-- 

I18 
85 

146 
07 

148 

85 
67 
85 
67 
85 

79 
58 

128 
135 
125 

109 
130 
73 
84 
70 

50 .w 
73 

117 
121 

05 w 
1 of1 
86 
80 

61 
71 
51 
55 

125 

1% 
125 

. - - . - . . . 

Oear speed 
per dial 

hour 

.__- 
0 

15.5854342 
15.0410950 
30.0821818 
20.5m4173 
14.4820508 

28.0841017 
43.4701676 
57.0682035 
86.0523351 

115.0304070 

28.4307358 
27.8053027 
13.0430363 
l& 1301008 
14.0588041 

13.308a856 
12.8542510 
30.0410060 
15.0000000 
30.0000000 

60.0000000 
90. ooMx)(M 
20.8588041 
20.4556213 
27.0681610 

23.5125858 
13.47142118 
44.0251572 
42,0271020 
57.4237580 

58.0841440 
31.015RR25 

1.0880302 
1.015Bool 

0.5443W2 
0.0410738 
n. 0821477 

- - 

Srror pe 
ye= 

_- 
0 

-0. a9 + .24 + .48 
- .01 
- .01 

-. 02 +. 10 -. 04 +. 20 +. 09 

+. 05 +. 07 +. 01 -. 01 
-. 24 
+. 04 -. 31 +. 24 
.oa .w 
.oa .w -. 24 -. 04 -. 50 

+. 02 -. 75 -. 14 -. 33 -. BB 

-. 36 -. 12 +. 05 +. 12 

f. 14 
+. 05 
+. 08 
- 

bfaxlmum 
~mplitude 

E I x 8  

Unifa 
1.4 

11.0 
3.8 
2.4 
1.0 

20.0 
1.4 
4.0 
1.0 
0.4 

6.0 
1.0 
0.0 
0.8 
4.8 

3.0 
0.6 
0.4 
2.0 
0.8 

1.0 
0.4 
1.0 
0. I 
1.2 

2.0 
0. 8 
1. 8 
I .  4 
0.7 

20 
1.4 
4.0 
2.0 

3.0 
8.0 
3.0 

*I)csifined for one-half of speed of Mt. 
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Table 39.--Synodic periods of constituents 

DII.TISA1. CONSTITUENTS 

KI.. . . -. . . 
MI _ _ _ _ _ _ _ _  
01 
00 ... .... 
PI.. ~. -. . . 

I JI I KI 

Days. Dags. 
27.555 . . . . . . - .  
13.777 27.555 
0.133 13.061 

27.003 13.661 
23.042 182.621 

Q~ . _ _ _ . _ _ _  6.850 0.133 
2 4  ______.. 5.402 0.850 
SI ..... . . -. 25.622 3G5.243 
pi _ _ _ _ _ _ _ _  7.088 1 0.551 

I Days. 
La ..... 27.003 

SI ..... 0.133 
2N..--  0.850 
Rr ..... 305.225 sr..... 182.021 

n i  y.... 1 3 . ~ 1  

TL...- 121.748 
XI ....-. 23.842 
CI _ _ _ _ _ _  7.000 
Ul.. .-.- 0.557 
2 S M  ... 10.064 

Days. 

27.555 
13.777 
0.185 

20.2G3 
31.812 

34.847 
20s. 802 

0.014 
14.705 
10.085 

51 I 

Dogs. 

- . . . . . . 
27.555 
0.133 

32.451 

13. r u  
0.133 

20.803 
14. a72 

01 

DOUS. 
... . . 
..... . . . - . . . . 

6. R30 
14.785 

27.555 
13.177 
14. 102 
31.812 

-- 
00 I PI I QI I 2Q i SI 

Daya. Dnys. 
' 

Days. 

::%I 0.011 7.1271 _ _ _ _  27.5SSl.-........ . . .. .-.. . _ _ _ . .  1 __..__... .__._..._. . 

13.168 305.243 0.307 0 . W I  .-........ 
5.623 10.085 205.802 24.302 0.814 

Days. 
...... 
...... 
27.555 
13.177 
14.102 
14.765 

16.387 
31.812 
14.765 
31.812 
7.383 

nays. j I I ~ Y S .  Days. 
........ m . .  . ..... ........ 

. . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . -. . -. -. . . . . -. . . . . 
27.555 I... . . _.__ ._._.__. 

0.874 7.260 1R2. IXM 
14.765 O.Gl4 i 25.G2" 
31.812 205.892 ' 7.230 

205. R92 24.302 0.814 
4.R07 1 15.3R7 5.823 j 

I 365.250 1.. .. . . 1 . .  _ _  ...I ._.__ 

7.333 7.535 I 10.085 I . .  - _  
27.555 2o.an3 .... . . ........ 

10.ORS 10.071 15.000 1 27.5.55 . . .. 
14.765 I14.192 I 0.814 I 4.9Y2 5.002 

Table 40.-Day of the  common Uear corresponding t o  day of month  
[For leap year incrrasc all nunilwis nftvr Fclirunry 20 Iiy 1 dny] 

Day 01 month. 

I . . - -. . . . . . -. . . . . . . . . . . 
2. -. . . . . . . . . . . . . . . -. - . . . 
. . . . . . . . . . . . . . . . . . . . . . . .  

5 .  . -. . -. . . . . . . - . . . . . . 
6. . . . . . . . . . . . . . . . . . . . . -. 
a....................... 
. . . . . . . . . . . . . . . . . . . . .  .. 

10. ._. ..........-. ... --.. 
11 .........-............. 
12 ___. .__--._. . . .--- .. .-. 
13 ... . .-. ._ _ _ _  ... _. . . . . .. 
14 ....................... 
I 5  .................... _ _  
10 
17 
18 ... .. . . .. _. . . . . . .. . . . . 
10 ....................... m........ ... . ....... 
21 ...-...... ......._.... 
22. -. -. . . . . . . . . . . . . . . . . . . 
n............ . ....... 
24 .............. ....... 

25 

27. -. . . . . . . . . . . . . . . . 
28. -. -. . -. . . . . . . . 

20.. _..__.........-. 
30 .......... . . .____._ .. 
31 ....................... 

. . 

..... 

. . . . . . 

1 
2 
3 
4 
5 

G 
7 
8 
0 

10 

11 
12 
13 
14 
1s 

I li 
17 
18 
It)  

?I 
22 
23 
24 

25 
2r, 
27 
28 

?I) 
30 
31 

20 

32 
33 
34 
35 
30 

37 
38 
30 

41 

42 
43 
44 
45 
46 

47 
48 
40 
50 
51 

52 
53 
54 
55 

5G 

5N 
SO 

40 

._ 
.>I 

ra 
61 
li2 
rl-7 
64 

G5 
cxi 
G7 
88 
80 

70 
i l  
72 
73 
74 

75 
i0 -- 
in 
70 

HO 
81 
R2 
h3 

8.1 
k 5 
hli 
Hi 

5s 
60 
% I  

.. 

91 
Y2 
113 
94 
05 

00 
07 
OX 
00 

100 

in1 
in2 
103 
104 
I05 

I oc) 
Ill7 
108 
1 O!) 
110 

111 
11'2 
113 
1 I4  

1 I:, 
I l l i  
I l i  
1 in  

1111 
1 L !  

. -  

121 
122 
123 
12.1 
125 

12G 
I27 
128 
120 
130 

131 
132 
133 
134 
185 

130 
137 
138 
I30 
140 

141  
142 
143 
114 

145 
141; 
147 
IJR 

1 4 9  
I%l 
181 

152 
153 
154 
155 
156 

1 5 i  
158 
150 

181 

lfi2 

161 
l(i5 
IGO 

107 
1 fuI 
100 

171 

1 i 2  
I i:1 
l i 4  
175 

170 
Iii 
lis 
1 i9 

I R l l  
IN1 

1 rfi 

1 r i  

I 70 

July Aug. S c p t .  

1x2 
I R J  
1 h i  
I85 
181; 

1% 
180 
100 
101 

102 
103 
104 
105 
106 

10; 
I 9H 
I90 
2fW1 
201 

W !  
20;1 
204 
:lJ 5 

m1 
2117 
ZllR 
219 

2111 
211 
212 

I 87 

. .- 

213 
214 
215 
211; 
21i 

21s 

?20 
221 nz 
227 
224 
225 
2% 
227 

228 
2'0 
230 
23 I 
27 2 

273 
231 
235 
236 

237 

210 
240 

" 1 1  
242 
213 

211) 

an 

244 
24 5 
246 
217 
2.18 

2.10 
250 
251 
5'," 
2.53 

254 
255 
230 
257 
2:kq 

?5R 
2(ill 
21il 
2fi2 
2Ki 

'16 I 
2ti.7 
?lid; 
267 

2liX 
2li!l 
2iil 
2 i  I 

2 2  
2i3 

. .. 

274 
275 
276 
2 7 i  
276 

270 
%I) 
WI 

28.3 

2x4 
285 
2n0 
? X i  
2" 

2% 

20 I 
202 
293 

2!)1 
205 
291; 
207 

29s 
21VJ 
:~1111 
30 I 

RI I? 
3113 
30 I 

'28' 

200 

305 
300 
307 
308 
300 

3 10 
3 1  I 
312 
313 
314 

315 
310 
817 
,118 
319 

:?A) 
:Iz I 
022 
323 
324 

325 
326 
:xi 
:??B 

X!J 
:330 
33 I 
. A I -  

:1:1:3 
:194 

. , .) 

. .  

335 
330 
337 
338 
330 

340 
31 1 
34 2 
343 
341 

345 
3411 
347 
34R 
340 

350 
351 
3.52 
3$3 
3 M 

355 
:350 
357 
x18 

350 :iw 
3111 
312 

:{1c3 
: i G  I 
:v15 



310 

0.0 

0 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

9.00 
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Table 41.-Values o f  h in formula ii=(l+r2+2r cos x)t 

0.1 -- 
0.00 
0.80 
1.7s 

2.63 
3. 42 
4. 12 

4.72 

5.53 

5. 71 
5. 72 
5.55 

5.22 
4.08 
3.98 

3. 13 
217 
1. 10 

0.00 

s. m 

__  - 

I 

_- 
0 

0 
10 

30 
40 
50 

60 
70 
80 

90 
100 
110 

120 
130 
140 

1M 
lo0 
170 

180 

20 

- 

- - 

I 

- 
0 

0 
10 
20 

30 
40 
50 

80 
70 
80 
8n 
100 
110 

130 
140 

150 
160 
170 

180 

i m  

- 

0.00 
2.30 
4.58 

6. 78 
8.92 
10.90 

12.73 
14.33 
15.68 

16.70 
17.32 
17.43 

li.OO 

- - 

c 

- 
0 

3M) 
350 
340 

330 

310 

300 
290 
280 

270 
280 
250 

240 
7.30 
220 

210 m 
100 

180 

320 

- 

- - 

1 

c 

300 
350 
340 

330 
330 
310 

300 
290 
2!30 

270 
360 
250 

240 
230 

210 
200 
100 

180 

2 m  

- 

0 

0. M) 
2.85 
5.68 

8.45 
11.13 
13.70 

16. 10 
18.30 
20.22 

21.80 
n.05 
23.53 

23.42 

r 

0.5 __ 
1.500 
1.495 
1.480 

1.455 
1.420 
1.376 

1.323 
1. M2 
1. 193 

1.119 
1.037 
0.953 

0.m 
0.779 
0.696 

0. 6 M  
0.557 
0.515 

0. 500 

1 .o 
- 
0.0 

-_ 
0.4 

- 
0.0 
- 

1. Roo 
1.504 
1.577 

1. ,549 
1.510 
1.460 

1. 400 
1.331 
1.252 

1.160 
1.073 
0.974 

0.972 
0.767 
0. IB.4 

0. 566 
0.482 
0.422 

0.400 
- 

0.1 

1. 100 
1.099 
I. 095 

1. oss 
I .  079 
1.007 
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Table 42.-Values o f  k in formula k= tan-' r sin x 
I + r  cos x 
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EXPLANATION OF SYMBOLS USED IN THIS BOOK 

Although the followi~ig list is fairly comprehensive, some of the 
symbols given may a t  times be used in the text to represent other 
quantities not listed below, but such application will be made clear 
by the context. 
A 

a 

B 

b 
C 

C 

C1 

D 
d 
4 
E 

C 

el 
F 
F. 

F .  

F. 

F” 

f 
G 

8 

H 

(1) General symbol for a tidal constituent or its amplitude. It is some- 
times written with a subscript to indicate the species of the constituent 
(par. 62). 

(2) General symbol with an identifying subscript for a constituent term 
in the development of the lunar tide- roducing force (par. 66). 

(3) The particular tidal constituent Being cleared by the elimination 
process (par. 246). 

(4) Azimuth of tide-producing body reckoned from the south through 
the west (par. 80). 

(6) Azimuth of horizontal component of force in any given direction 
(par. 85). 

(1) Speed or rate of change in argument of constituent A.  
(2) Mean radius of earth. 
(1) Tidal Constituent following constituent A in a series. 
(2) General symbol with an identifying subscript for a constituent tcrm 

(3) General symbol for disturbing constituents in elimination prooess 

Speed or rate of change in argument of constituent B. 
(1) Mean Constituent coefficient (par. 74). 
(2) General symbol for coefficients of cosine terms in Fourier aeries (par. 

in the development of the solar tidd-producing force (par. 117). 

(par. 245). 

187). 
ReciprocaI of mean vaIue of I/d.  
Reciprocal of mean value of I/& 
Declination of moon or sun. 
Distance from center of earth to center of moon. 
Distance from center of earth to  center of sun. 

constituent (same aa V-I-u). 
Eccentricity of moon’s orbit. 
Eccentricity of earth’s orbit. 
Reduction factor, reciprocal of node factor f (par. 78). 
Horizontal component of tide-producing force in azimuth A. When 

numerals are annexed, the first digit (3 or 4) si nifies the power of the 
parallax of the moon or sun involved in the devefopment and the eecond 
digit (0, 1, 2, or 3) indicata the speciea of the terms included in the 
group. Thus FSw represents that  part of the horizontal component in 
azimuth A that  comprises the long-period terms depending upon the 
cube of the parallax. 

South horizontal component of tide-producing forcc. ( b e  F .  for explana- 
tion of annexed numerals.) 

Vertical component of tide-producing force. (See F .  for explanation of 
annexed numerals.) 

West horizontal component of tide-producing force. (See F. for explana- 
tion of annexed numerals.) 

Node factor (par. 77). 
(1) Greenwich e och or phase lag of a tidal constituent (par. 226). 
(2) Gear ratio oFyredicting machine (par. 396). 
(1 
(21 Modified epoch of tidal Constituent, same as K’ (par. 225). 
Mean amplitude of a tidal constituent (par. 143). 

Mean acceleration of gravity on earth’s surface. 

31 1 



312 

Ifo 
h 

h3 

U. S. COAST ASD GEODETIC SWRVEY 

Menii wntcr level a lxxc  datum uscd for tat>ulation. 
(1) Mean longitude of sun;  also rate of change in same. 
(2) Height of tide at any time. 
Hcight of equilibrium tide involving cube of moon’s parallax. 

Height of cquilibriiim tide involving 4th power of moon’s parallax. 

Obliquity of lunar orbit with respect t o  earth’s equator. 
Jnclination of lunar orbit to the ecliptic. 

Longitude of moon in its orbit reckoned from lunar intersection. 

A second 
digit. in the subscript limits the height t o  that  due t o  terms of the single 
species indicated by this digit (pars. 97 and 101). 

A sec- 
ond digit in  the  subscript has the same significance as in the case Of ha. 

h4 

I 
i 
J1 Tidal constituent. 
j 
IC,, I<? Tidal constituents. 
KJ2, KPI, J i Q  Tidal constituents. 
k 
L 
L2, LPI Tidal constituents. 
N Mass of moon. 
MI, M,, Mz, M4, ME, MB Tidal confitituents. 
Mf Tidal constitiient. 
MKa, ~ I v ~ J \ ‘ ~ ,  MK, Tidal constituents. 
Mm Tidal constituent. 
MN4, 2MX6, MNS2 Tidal constituents. 
h lP l  Tidal constituent. 
2MS2, MS4, 2MSeJ 3MS8, 2(MS)s 
MSf Tidal constituent. 
MSNe, 2MSXR Tidal constituents. 
m 
A‘ 
N2, 2Nz, NJ1 Tidal constituents. 
01, 001 Tidal constituents. 
P 
PI Tidal constituent. 
p 

Difference between mean and true longitude of moon (par. 59). 
Longitude of place; positive for nes t  longitude, negative for east longitude. 

Tidal constituenta. 

Ratio of mean motion of sun t o  that  of moon (par. 62). 
Longitude of moon’s node; also rate of change in same. 

Mean longitude of lunar perigee reckoned from lunar intersection (par. 122). 

(1)  Mean longitude of lunar perigee; also rate of change in same. 
(2) Xumeral indicating species of coiistituc~it, frequently written as the 

subscript of the constituent symbol. In special case used with long- 
period constituents to  show number of periods in month or year. 

Mean !ongitude of solar perigee; also rate of change in same. 
Term in argument of Constituent MI (par. 123). 
Factor in amplitude of constituent MI (par. 122). 
Term in argument of conetitucnt MI (par. 122). 

(1) Amplitude of constit,uent pertaining to  a particular bime (par. 143). 
(2) Term in argument of constituent L2 (par. 129). 
Factor in amplitude of constituent L2 (par. 1291. 

Distance of any point from center of earth. 

(2) Longitude of time meridian; positive for west longitude, negative for 

(3) General symbol for coefficients of sine terms in Fourier series (par. 187). 
(4) Working scale factor oi predicting machine. 
Solar factor Lrl/U (par. 118). 

p ,  
Q 
Q, 
QU 

Q1, 2Ql Tidal constituents. 
R 

R. 
R2, RPI Tidal constituents. 
r 
S (1) Mass of sun. 

east longitude. 

S’ 
SI, S1, S3, SS, Sa Tidal constituents. 
Sa Tidal Constituent. 
SI<, Tidal constituent. 
2SMa Tidal constituent. 
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SO1, SOa Tidal constituents. 
Ssa Tidal constituent. 
s 
s’ 
T (1)Numbcr of Julian centuries reckoncd from Greenwich mean noon, 

(2) Hour angle of mean sun. 
(3) Time expressed in degrees of constituent reckoned from phase zero of 

Mean longitude of moon: a160 rate  of change in sanic. 
True longitude of moon in orbit referred to  equinox (par. 59). 

December 31, 1899. 

Greenwich argument (par. 439). 
*r2 Tidal constituent. 
1 (1) Hour angle of tide-producing body. 

U Basic factor ( M / E )  (a/c)*. 
UI Factor ( S / E )  (a/c1)8. 

lunar orbit (par. 71). 
V (1 )  Principnl portion of constituent iirgumerit (pnr. 71). 

(2) Velocity of current (par. 330). 
(V+u)  Constituent argument at any  time. 
(V,+u)  Constitucnt argument at beginning of a tidal serics. 
V, Potential due to  gravity at earth’s surface (par. 96). 
vs Tide-producing potential involving cube of moon’s parallax (par. 94). 
V‘ Tide-producing potential involving 4th power of moon’s parallax (par. 94.) 
X Longitude of observer reckoncd in celestial equator from lunar intcr- 

section. 
Y Latitude of observer. When combined with a subscript consisting of a 

lctter nnd numerals, it represents the  latitude factor t o  be used with 
the tidal force component similarly marked (par. 79). 

Geoceiitric zenith distancc of tide-producing body. 

(2) Time reckoned from beginning of tidal series. 

U Part of constituent argument depending upon variations in obliquity of 

2 

a (Alpha) General symbol for the  initial phase of tidal constituent A .  
6 (Beta) Initial phase of constitucrit B. 
y (Gamma) Initial phase of constituent C. 
6 (Della) Initial phasc of constitucnt D. 
6 (Epsilon) Initial phase of constituent E. 

(Zeta) The esplemcnt of the  initial phase of a constituent (par. 221). 
el (Thela) Tidal constituent, same as  XOI. 
K (Kappa)  Local phase lag or epoch of tidal constituent (par. 144). 
K’ Modified cpoch of tidal constituent (par. 225). 
A, (Lambda) Tidal Constituent. 

Attraction of gravitation between unit masses at unit distance. 
Tidal constituent, same as 2MS2. 
Right ascension of lunar intersection (par. 24). 
T‘erm in arguincnt of lunisolar constituent I<, (par. 133). 
Term in argument of lunisolar constituent IC2 (par. 135). 
Tidul constituent. 
Longitude in moon’s orbit of lunar intersection (par. 24). 
An angle of 3.14169 radians or 180’. 
Tidal constitucnt, sanic as TKl. 
Tidal constituent, same as  v I i I .  
Tidal constituent, same ns v J 1 .  
Length of series in mean solar hours (par. 248). 
Tidal constituent, samc as IiPl. 
Tidal constituent, same as LPI. 
Tidal constituent, same as RP,. 
Obliquity of ecliptic. 
Vernal equinox. 
Moon’s ascending node. 
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